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of  the  soil  behavior.   Close  agreement  bet 
and  observed  displacement  Lned. 

Extension  creep  tests  and  Lon 

test  result..-  indicated  that  coim:  i 
anisotropic  materials.   The  ii  f  thJ 
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matci'ial  of  which  the  body  is  comp    I  .  , 

the  material  characterization  or  con  til  . 

nee  .   j'ily  a  simplification  of  rea  Lity. 
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mane  to  the  problem  at  hand,  r.ince  the  outcome  c: 
analysis  depends  to  a  great  extent  on  this  descr' 
For  example,  simplified  assumptions  of  line 
theory  have  been  found  extremely 

distribution  of  vertical  stresses  in  a  cohesive  soil  :  - 
But  when  c<  nsidering  ti   -d  •  .-ndent  deforma 
a  mass,  however,  a  time-independent  con  titutiv 
is  clearly  inapplicable. 

Solutions  that  have  been  obtained  for  hour.  . 
problems  using  nonlinear  constitutive  rela  - 

rated  or  partly  saturated  earth  materials  empl 
pertaining  to  the  particular  envirc: 
existing  for  that  problem.   General-  . 
studies  has  been  more  on  the  analytical  me1     thar 
characterisation  of  the  material. 
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and  moisture  contents  J 
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of  Irreversible  thermodynamics  for 
linear  time-de;  'ndei        - 
cohesive  soil  was  studied.   Str 
parameters      Lned  from  tr     .1  crei 
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tests . 
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2.1   Volume  Change  Character"  ly 

Saturated  C 

,ve  been  numer 

investigations  of  volume  chan 

clays  since  Terza  ;hi  his  theor 

consolidation.   H<  wever,  consolidation  of  par- 

Lis  has  received  relatively  little  attentioi  , 

Alpan  (1961)  introduced  a  modifj 

the  Terzaghi  equation  to  describe  cons 

saturated  soil.  .   The  factcr  p  is  a  function 

tu'ration,  chan  e  of  pore  air  and  1 

volume  of  the  soil  sample.   However  he  did  n    take 

account  the  change  in  ]  f     fluid  and 

Lei   .  during  1  I  e  process  of  consolidation. 

Yoshimi  and  Osterberg  (1963)  ; 

experiments  on  the  one-dimensional  cor. 

Lis.   .  .  y  conclude.       ..ere  wa 

no  outflow  of  pore  water  duri: 

degree  of  saturation  was  at  out  ninety    . 

pore  water  movement  was  ne   Lgil  Le,  the 

pression  was  governed  by  the  r  of 

the  soil  skeleton.   Hence  the  time  rate  . 
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air  escaped  from  the  soils  durir  He 

an  expression  for     --dependent  cc 
account  the  compressibility  of  air,  solubility 
water,  and  viscous  r<      nee  only  for  t 

skeleton.   Danielson  (1963)  extended  t  ide 

permanent  shearing  resistance  of  t] 
response. 
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differential  equations  for  the  one-dimensic 
of  parti..     urated  soils,  the  range  of  de- 
varying  from  zero  to  one  hundred  per  cent.   Based  oi 
degree  of  saturation,  lie  cl;  .y  particular  consoli- 

dation process  into  one  of  five  idealised  proc 
extremely  dry  clays  (degree   f 

per  cent)  to  very  wet  clays  (  r 

than  nin    per  cent).   To  solve  the  equations,         ed 
linear  relationships  between  p     ater  1     ire  an 
abi  I  11  ,  between  pore  water  pressure  and 
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fluid  and  betv 

resu] 

variation  in  permeability 

Lm]       effect  on   the  proce:, 

the  pore  fluid. 

The  importance  of  degree        oration  to 
ability  was  shown  by  Langfelder, 
found  that  the  air  permeat:  I  '    of  cohe:; ;  re 
affected  by  water  content,  dry  den.;-,;;,  and  '  :.- 
compaction.   The  changes  in  air  permeab! 
was  increased  were  small  on  the  dry  side  o: 
content,  until  the  water  content  reached  the 
content,  when  it  became  essentially  zero.  ?d 

that  as  the  water  content  increased,  the    . 
between  larger  air  pores  tended  to  close  and  the  oc: 
passage  for  air  to  flow  thr-  u  ■•■  ceases  to  e> Lst. 
enon  of  occlusion  takes  place  and  the  air  perineal  '  . 
becomes  negligible.   But  as  Matyas"  (1969  "  ed  ou1  . 

three  of  the  five  soils  tested  in  the  abov-_ 
some  permeability  to  air  at  compaction   l1      ntei 
beyond  optimum  water  content.   Hence  11     evide 
permeability  may  be     LI  at  opti       er  co:  ot 

essentially  zero.   The  comments  of  Yoshimi  anj 
(1963)  that  one  cannot  exclude  the  possi: 
the  optimum  water  content  the  air  voids  : 


intercom     I  and  parti j 
In  '     respect . 

Toriyama  and  Sawada 
consolidation  characti 

•ted  wet  of  ox 
into  account  the  comp: 

in  permeability  with  degree  n  and  ef: 

stress,  as  well  as  char  ;    In  cor 
ton  with  effective  stress.   They  solved 
numerically,  and  found  that  the  pore  water  : 
by  loading  depended  on  th  Llity  (  :' 

cKeleton  and  the  degree  of  satur-  " 

The  existence  of  air  in  addition  to  wate. 
of  partly  saturated 

r-emely  complicated.   Furthermore,  relatively  few 
mental  investigations  concerning  volume  change  char 
tic:    re   been  undertaker..      anal 
concerned  with  des  LI  r   ponse  und  . 

conditions.   V.     it  fur;  tion, 

results  of  one-dim-     nal  an 

be  to  the  more  general  problem  of  1 

herein . 

2.2   Pore  Pressure  in  Cc      :i  Soils 
Hilf  (1956)  conducted  an  e  ft      re 

fluid  pressures  in  partly  saturated     Ls  and   is  1 


to  measure  d  Lr   Ly  th< 

compactt-'i  i  oj  Ls.   He  d 

to  permit  m<      :nent  of  cat 

atmosphere  be  low  zero  gagi  , 

water  pressure  in  soils  compacted  near  th 

content.   The  axis  translation  technique,  descr' 

by  Hilf  (1956),  has  been  exten  •   ince  I 

Lambe  (1961)  investigated  the 'variation 
tude  of  negative  pore  water  pressure  in  compacted  c 
soils  with  degree  of         on.   He  concluded  tha-- 
degree  of  saturation  was  an  important  factor 
of  negative  pore  water  pressure  and  that  there  was  a  1 
decrease  in  the  magnitude  of  the  negative  pressure- 
degree  of  saturation  was  increased  to  one  hundre 

Olsen  and  Lahgf elder  (1965)  have  reported  1    I  Lve 
pore  pressures  as  low  as  -100  psi  for  plastic  ci 
pacted  two  per  cent  dry  of  optimum  water  center.-  . 
of  Grundite  clay  compacted  at  127  psi  had  pore  watei 
sures  lower  than  -250  p.'  '     n  the  mc  i     e  eont 
only  five  per  cent  less  than  the  optimum  moisture  - 
They  also  pointed  out  'deration  of  the  os: 

pressures  near  clay  particle  surfaces  lead  to  the         sn 
that  the  actual  pore  water  pressures  in       ;ratec 
varied  from  approximately  -1  atmosphere  t 
values . 


in  pore  wa1  i 

pressure  u.  and  the  pore  wa' 

as  the  air  bu:  I    '  :e  deer 


the  value  of  (u  -  uw)- 

Mai   ,,  a  i  Radhakrishna  (1968)  subjected  c. 
samples  to  all  round  pressure  and  to  zero  radial 
loading.   They  concluded  that  tl      nciple  of  eff< 
stress  was  not  adequate  to  explain  the  v   -   trie  I 
of  partly  saturated  soil!     ,'ected  to  different 

paths . 

Except  for  the  influence  of  the  degree  of  s 
on  the  magnitude  of  initial  negative  pore  water 
the  influence  of  other  factors  like  pore  size  d: 
is  unknown.   Furthermore,  neither  the  magnitude  of  developed 
pore  water  pressure  in  re       to  loading,  nc 
ship  I  etween  effective  stresses  and  mechanical  beh 
unsaturated  compacted  clays  is  understood, 
applicability  of  the  effective        principle  tc 
materials  cannot  be  demonstrated  at  the  pi       ti  e. 

2.3   Shear  Deformation  Studies  of  Cohesive 
Rheological  models  which  can  be  visualized  as  line 
springs  in  combination  with  linear  or  nonlinear  ..    >ots 
have  been  extensively  used  to  charact 
dependent  shear  deformation  behavior  of  clays. 


I  Shibata  (19i  i 

ir,  |   i  ,         Lnto  a 

r;.:i  .  .-,'-  n   ,1  .;  . 
theorj 

Theological  model  and  this  . 
tion.of  the  creep  beha 
load  i  ng . 

clous  experimental  studie  iucted 

develop  an  understanding  of  the  con 

Lng  to  the  shearing  r   Lstance  of  soils  and  th 
that  control  the  time-dependent  re.  |       to 
strain.   Mitchell  (1964)  used  the  rate  j 

relate  the  shearing  resii   .nee  of  soi;        Laxial   im- 
pression te;  i     rictional  and  cohesive  ; 
effective  stress,  soil  structure,  rate  of      n  and 
temperature.   He  showed  that  his  derived  e  led 

reasonable  re:  lit:  if  reasonable  valu 
the  unknovm  parameter-.  . 

Mitchell  and  C        .a  (1963)  and  Mitchell 
(1969)  developed  a  working  hypo"  ;he 

process  theory,  which  relates  creep  rate  to  soi: 
and  applied  stress.   However  the  practical 
expressions  developed  by  them  re  ,  since 

have  not  indicated  any  reliable  method  for  ac 
evaluating      ^rious  parameters  involved  in  their 
equations . 


ell  ( 
il  r  tress-straln- 

Lis,  valid  for  a  range  of  c 

30  per  cent  to  90  per  cent  or  : 

as  follow 

e  =  Ae"^t1/t)n 

where 

e    =  strain  rate  at  any  tli    ; 

A    =  projected  value  of  strain  rate  a        levl- 

ator  stn       he  logar  I 

vei     ieviator  stn       t  for  ur. 

a     =  value  of  slope  of  the  raid-range  1 

portion  of  logarithm  strain  rate 

deviator  stress  plot; 

a     =  a  D    ; 
max' 

D    =  strength  of  soil  measured  at  the  bt 

max 

ing  of  creep; 

D    =  stress  level  =  D.     ; 

D    =  deviator        [a^  -   o~); 

t,    =  unit  time; 

t    =  any  time,  t ; 

m    =  slope  of  logar 
logarithm  time. 
According  to  them  the  same  basic  form  of  re 
applicable,  irrespective  of  whether  the  clays  are  un- 
disturbed or  remolded,  wet  or  dry,  normally  consoli 


or   ever 

mo; 

ari'i  ondary   compress 

Walker  (19^9 )  has  questioned 

throe  parameter  equation  for  the  entire 

scopic  response  of  clay  structure  to  an  applie 

tern.   He  felt  that  I     aramet 
to  be  functions  of  the  test  Lons .   ..        ;ed 

that  any  generalized  relati  ild  include  all  t 

variables  involved  in  the  defornat:  .e.) 

volumetric  strain,  shear  .:■•.' 
and  their  variation  with  applied  str 

Lara-Tomas  (1962)  subjected  hollow  cylj 
mens  of  compacted  soil  to  constant  shear  .nd 

studied  their  creep  behavior.   He  concluded 
rheological  models  can  be  evolved  to  I     .e  dat 

Terloff  (1966)  conducted  extensive  tria:   ..   reep 
tests  on  compacted  cohe.  i         and  obtained  a  r-      n 
between  the  shear  strain  and  time  as  follow  : 

(e1  -  e  )  =  atb  -2) 


where 


e.   =   axial  strain, 
e    =   lateral  strain; 
a,b  =   constat"."  ; 


He  concl  .         "b"  could  >n- 

mt ,   ective         -level,  ire 

and  moisture  center.' 
function  of  the  ratio  I 
failure  stress,  the  effe 
fining  pa     re  could  I 

Pagen  and  Jagannath  (1967,  1968)  c 
pacted  cohesive  .      can  t     -ited  as  lin 
materials  within  a  riven  range  c. 
ing  on  the  environmental  condition  and  compactir. 

They  expressed  the  straJ  -1 
relation 

e  =  ct 
where 

e    =   axial  strain; 
t    =   ti;   ; 
c  ,m  =   constant.'  . 
Sankaran  (1966)  conducted  one-dimensional  cor. 
tion  tests  on  saturated  soils,  and  triax:  on 

partly  saturated  soil:  .  '  ,  he  pro- 

posed a  generalized  stress-strain-tj  hip  f 

compacted  soils  relat '       hedral         -ess  a: 
octahedral  shear  strain. 

For  principal  stresses  applied  to  the  cc 
directions,  the  octahedral  shear 


Toct  *  \  [!"r        +  («2-         •  ] 

ice   a2  =   o^   in  nal 

consolid  .  , 

Toct  =  T   -°i  "  V  • 

Also 

Tnax   =   I   (ol   "   °3)  '    " 

Similarly   the   oci  Iral   sh  -ain   and   rnaximv 

rain   are,    respectively, 

Yoct   =   ^T   (C1   "   e3> 
and 

Ymax  =  Ul  "  e3}  (" 

So  It  is  obvious  that  a  relation.        tulated  I     on 
octahedral  shear  stress  and  shear  . 
for  the  ma xi muni  .      stress  and      In. 
consolidation  both  volumetric  strain  and  sheai 
be  expressed  in  terms  of  axial  strain 

volumetric  strain  =  ^7-=e  +c,+  -7) 

since  e„  =  e^  =  0 

Ymax  =  el  "  e3  =  el 
Hence  it  appears  that  additional  experimental 
needed  to  make  critical  checks  on  t 
proposed  relationships. 


:' 
There  hai 

i  Of  vL" 
',   nature  of  c< 
1  behavior  have  proves  eful  I 

tion  of  stre:   U   ribution  wi1         >11  ma 
various  loading  conditions. 

joelasticitj  '         Leal  ne        11 
sidered  as  a  material  having  tii  -depi 

By  u.     the  principle  Lon,  the  line-, 

tic  behavior  of  an., 
hereditary  integral.  .   F  ir  example,  in  the  case  - 
stresses  and  strains, 

e(t)  =  /  D(t-T)  ^^-  dx 

_00 


or 


where 


a(t)  =  /  D(t-x)  ^1^-  di  (2-10) 


D(t-x)   =  uniaxial  creep  compliance  f. 
E(t-T)   =  un:i       relaxation  modulus  :'  . 
e ,  a ,  t  =  uniaxial  stra"  .      xial  st] 
time,  respective 
These  integral  equations  are  known  as  Duhai  il  in1 
and  have  long  been  known  in  mathematics.   Each  of  thes 
equations  can  be  derived  from  the  other,  based  on  t 
.-umption  that 


e(t)  -  0;   o(         x   - 

n  I   can  1 

El  0    0      *   /*  D(t) 

where 

E(0)  =  Initial  v  i 

D(t)  =  creep  compliance. 
It  Is  ibvious  that  the  above  equation 
E  are  intercha 

Considering  a  uni;  .  Lai  com] 
constant  stress  a   applied  at  t  =  0  to  an  ini 
stressed  and  unstrained  body,  i.e., 

o(0")  =  e(0")  =  0 

then 

e(t)  =OoD(0)  +oQ  /'  -;   .-  idx 

.In  a  general  state  of  stress  -and  see 

dimensions  for  an  isotropic  medium,  two  opera-  e- 

quired  to  describe  th        -     In  re: 
linear  viscoelastic  material  (Lee,  195c  .   General 

scoelastic  analysis,       -rate  the  volu 
distortional  responses,  they  are  chosen  a 
relaxation  modulus  (or  bulk  cret- 

shear  relaxation  modulus  (or  bulk  creep      .iance  . 
general  stress-strain-time  equations  car.  I 


or 


+  2W(0)  «„<t)  -  o/\j      :    ] 


■   :  "3  [B<0)  °kk(t!  "  QW(T'   ■   -    lTl  6U 


*\  ll W   .„(«  -/•„(*>  ^fe-TT-l    " 


where 


K  =  the  bulk  relaxation  modulu.  ; 

G  =  the  shear  relaxation  modulu  ; 

B  =  the  bulk  creep  compliance; 

J  =  the  shear  creep  compliance; 

a.  .  =  component  of  the  stress  tei    ; 

e.  =  component  of  the  strain  tensor; 

6...  Kronecker  delta  =    ?1 

1  J 

mat ion  over  t 
range . 

Nonlinear  Viscoela     Lty 
ny  viscoelastic  materials  encountered 

applications  do  not  exhibit  linear  behavior.   Son 
and  concrete  respond  nonlinear ly  at  high  stra!  is,    Lie 
Lis  show  marked  nonlinearity  even  at  low  stresses  and 


,  1968). 

tion    of  coi 

non.]  Lm  ar   raw',:  0]  al  ;    for 

uni  ax  La  i    Load  I  n  -   as  , 

o(t)    =       A(t-T)   lSl|±L)idT 

—  oo  ^  l 

re 

[e(r)3  =  a  function  of  the  ).'  ; 

E(t)     =  relaxation  functic: . 

One  other  way  of  integral  r     entatlon 

Moavenzadeh,  1970),  in  which  the        j        Led,  j 

o(t)  =  /  E(t-x),  e(x)  *£LLl   dx 

—  oo  ^  > 

where 

the  relaxation  function  is  a  function  of  (t-x)  and 
e(x). 

One  of  the  most  widely  used  representatives  for 
linear  viscoelastic  Ls  that  of     n      Lvlj 

(1957).   For  the  uniaxial,  isotropi     e,  for  Lnsi 
creep  response  can  be      en  as  the  sura  _e 

integrals : 

00       £ 

a(t)  =  E0o(t)  +  I      I    ../  K  (t-x   ...':-t) 

11=1   »       <» 

E(x1)...e(Tn)  dx1...dTn  -  9) 

where 


a      =  un:  ; 

e   =  uniaxial      'n; 
k  ; 

.  E  =  mea: 

o 

For  practical  purposes  only  a  finite  number  of 

be  used  '       multiple 

is  mostly  used  for  weakly  nonlinear  materia. 

Thermodynamic  Approach 

The  thermodynamics  of  irreversible  proct  -.-en 

made  use  of  by  Biot  (1958)  to  develop  a  theory  of  lj 
irreversible  phenomena.   He  derived  the  lj    r  equal 
governing  the  general  inhomogeneous  thermodynamic 
which  is  in  the  neighborhood  of  a  stable  equi 
Ke  showed  that  they  can  be  used  to  derive  linear 
strain  equations  of  anisotropic,  isothermal,  v 
materials  and  to  deduce  variational  princi::- 

Schapery  (1964,  1966a,  1966b,.  1969a,  1969t 
extended  the  use   f  thermodynamic  concepts  api 
to  derive  constitutive  equations  for  nonlir. 
elastic  materials.   His  theory  (1969a,  ]  levelop 

using  stress  as  independent  state  variables  an- 
of  strain  is  expressed  in  stress  and  temperatu 
Introduction  of  special  forms  of  entropy  p:        n  and 
Gibbs  free  energy  based  on  observed  nonlinear  response 
the  materials  enabled  him  to  derive  con.-      ive  e 


of  a  single  integr 

Ition  Integra]  with  the 

expressed  an  functions  of 

leads  to  relations  In  which  the  01 

meters  entering  are  the  linear  V 

ances.   For  the  one-dimer 

axial  loading  the  nonlinear  coi 

written  as  (Schapery,  1969a), 

t  i   -o0 

e(t)  =  e0Doo  +     /   AD(4>-.  ' 


where 


0 


D  ,  AD(^)  =  component. 

creep  compliance; 
ty  =   the  reduced  I 


ip  =   /   —  a   >  0  (2- 

0    ao     a 


dt 


re 


*'  =  *(t)  =   /   ^—  a-     >  0 


aa  =  fto(t')] 


and  the  material  properties  g  ,  g,,  g~  are  ^ 

:'ess  only. 

Schapery  (1969b)  and  Lou  and  Schapery  (IS     have  used 
creep  and  recovery  data  to  evaluate  thes- 
means  of  a  graphical  procedur  .  lependent 


- 


Les   have   apecJ  Tnodynamic    signifj  ; 

han,  ,  i    E2    r  ' 

ependence  of  the  Gibb.         on  the  applle  'd 

arises  from  r  order  eff 

ntropy  production  and  free  eri' 

2.k      Solution  of  Boundary  Value  Problems 
for  Earth  Materials 

Analytical  solutions  have  been  obtained  for  various 

oundary  value  problems  of  interest  In  soil  engineer! 

ased  on  linear  elasticity  or  viscoelasticity .   But  it 

xtremely  difficult  to  obtain  a  closed  fo 

boundary  value  problem,  if  the  real  boundaries  anc      ~il 

oading  conditions  existing  in  the  field  have  to  be 

nto  account.      in  addition,  the  soil  properties  also 

ary  either  in  space  or  with  time,  the  solution  becc:. 

till  more  difficult. 

Some  o£   the  difficulties  in  obtaining  realist ' 

olutions  to  actual  problem;  can  be  overcome  by  resort: 

:al  me1  re  versatile  methods  car. 

nto  consideration  the  actual  boundary  conditio:.  , 

»roper     and  spatial  variation  in  soil  properties.   A 

umped  parameter  model  was  used  to  solve  the  problem  o:' 

■trip  footing  on  an  idealized  elastic-plastic  soil  ' 

i,  1968).   This  model  generated  central  finite  differei 

ipproximations  to  the  differential  equations  of  equilit 


Another  ap]      ,  Is 

extremely  ver    Lie  for  solving  stre 
problems  in  the  field  i 

in  the  literature  (Wiisor,  .  II  ;  Zienkiewic! 
1967  )  •   Numerf  . 

have  been  analyzed  appr- 

the  stresses  and  deforma'  '     within  an  ear-' 
constructed  of  compacted  clay  h;-        .linea 
characteristics  (CI      tnd  Woodward,       ; 
of  a  circular  footing  resting  on  homogeneo^ 
having  nonlinear  sir    -  .cterJ 

(Girijavallabhan  and  Reese,  1968);  the  problem  of 
footing  and  also  a  circular  footing  restJ 
of  clays,  each  having  different  nonlinear  str- 
characteristics  (Radhakri.     1  and  Reese, 
Reese,  1970);  the  problem  of  initial  def 
footing  resting  on  saturated  clay  having  bilinear 
strain  characteristics  and  a  yield  strength  d«        on 
the  orientation  of  principal  .     ses  (.  '     Ionia 
1970);  the  problem  of  deformation  of  tunnels  wi1 
mass  (Perloff,  1969).   The  finite  element  method  has  also 
been  used  to  solve  problems,  where  the  Les 

are  time-dependent.   Zienkiewicz  et  al  (1968)  have  used 
method  to  solve  some  problems  in  concrete  and       truc- 
tures  in  which  the  materials  were  considered  to  be  1  I   ar 


/is  :<  i  eir  met! 

elastic  ma 

[1  I  I  ou1 

referred  to  in  the  prevl  , 

more 'on  th<     le  of  analysis  than 
ization.   Each  problem  has  been  treated  a^  an  ' 
isolated  case  and  virtually  no  attempt  ■.. 
rate  a  realistic  constitutive  relatioi 
applicable  to  environmental  conditions  oth< 
problem  considered.   It  is  felt  that  ac       delinea 
of  material  characteristics  have  to  I    jiven  mor- 
than  has  been  the  case  hitherto  if  realistic  predi 
are  to  be  obtained  in  soil  mechanics  field  pre 

2.5      Objective  of  Gtudy 
From  the  brief  review  presented  it  appea 
generalised  stress-strain-time  relation  for  compacted 
suitable  for  prediction  of  the  r    nse  of  a  body  of  such 
material  to  imj  sed  loadin      n  1  available  a1 
present  time.   It  is  tin   bjective  of  this   I 
such  a  generalised  constitutive  relation  for  coi 
clays,  and  to  demonstrate  its  applical         I     re- 
diction  of  behavior  of  a  mass  of  material  subjected 
boundary  load.-  . 


3. 

3-1 
Two  commercially  available  soils,  "E  • 
(EFK)"  and  "Grundite"  ..     ised  in  thJ 
Ls  a  i ■>'   lerately  well  crystallized  kaoline         Edgar, 

Florida  by  the  '  :  Kaolin  Co: 

processed  by  the  Illinois  Cla 
clay  fraction  is  primarily  illite  (Olsen 

1965).   The  c]    Lfi  ution  properties  are  given  '        1 
and  in  Figure  3-1 • 

One  of  the   advant  1  •  .  in  us  in    1        rcial]     ned 
soils  of  this  type  is  that  large  quantities  I erial 

with  minimal  variation  of  the  material  pr 
'lined. 

3.2   Preparation  of  sV  1 1 
Batches  of  soi]  .  re  prep area  . 
grans  of  soil  (kaolin  or  grundite)  rith  th         la 
of  water  for   the  desired  moisture  conte:. 
solids  twin  shell  Blender"  manufacture -. 
Kelley  Company  for   about  20  mir  I      '    -e  3-2). 
mixed  soil  was  then  stored  in  ai     ;ht  plastic  I     or 
containers  in  a  one  hundred  per  cent  hi        room  : 


Table  1 

Classification  Properties  of  Grundite 
and  Edgar  Plastic  Kaolin 


Liquid  Limit  (%) 

Plastic  Limit  (%) 

Plasticity  Index  (%) 

Specific  Gravity  of  Solids 

Clay  Fraction  (%  <    0.002  mm)    64.0 


Grundite 

Edg 

ar  Plastic 
Kaolin 

56.0 

59.0 

32.0 

37.0 

24.0 

22.0 

2.79 

2.6 

64.0 

81.0 
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'igure  3-2.   Liquid-Solids  Twin  Shell  Blender. 


al week  tG  allow  f 

of  moisture  c.  L1> 

3. 3   Preparation  of  c 
clmens  for  the  triaxial 
inches  hi  ;h  and-  1.31  inches  in  diamel 

at  the  desired  moisture  content  I 
compaction. 

Kneading  compaction  was  accompli 
miniature  compaction  equipment  (Pi       -:  .   ,:         were 
compacted  in  five  layers  with  20  tamps  of  the  spi     .oaded 
compactor  per  layer.   Compactive  forces  varied  f 
to  sixty  pounds.   The  impact  compaction      erfori 
a  special  drop  hammer  weighing  3.62  pounds  and  falling  ten 
inches  (Figure  3-3).   The  specimens  were  prepared  in  three 
layers  with  total  compactive  efforts  rar.     :\ 
135  blows.   Impact  and  kneading  compact' 
grundite  and  EPK  are  shown  in  Figures  3-4,  3-5,  :--_  •_.. 
The  amount  of  soil  to  be  added  to  each  .   er  was 
determined  by  preliminary  trials.   The  sides  of  the  cc 
tion  mold  were  lubricated  ..      Llicone  oil  to  faci 
extrusion  of  the  compacted  specimen      I  .e  leas 
The  top  of  each  layer  was  scarified  before  the  succe,  li 
layer  was  compacted.   After  being  extruded  from 
sample  was  weighed  and  placed  in  a  polythene  plasti 
bag,  which  was  then  coated  with  a     ure  of  para: 
and  petrolatum.   The  compacted  spe.      were  stored  in 
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i      Lcca  ■        ; 

desiccator    |ar      were    filled   with   w 

■  cenl        imidJ 

The  various  lab 
above  have  been      oped  basically  t 
as  "..cable  t 

Variou   Invest'         ve  compared 
between  field  and  laboratory  compac 
Holtz  (1953)  simulated  the 
the    oratory  by  a  specia 
ind '     I   hat  the      ure-dry  del 

the  standard  laboratory  impact  coir.f  -re 

to  those  obtaj        heepsfoot  compact!  .  . 
Hirschfield  (I960)  have  shown  that  by  all 
of  layers  and  number  of  t  r  in  - 

mi.    ure  compaction  apparatus,  a 
dens.il   curve  can  be  fitted  to  the  field  curv  . 
Ellis  (1963)  conducted  laboratory  shear 

:ut  fr 

11  as  on   specimens  of  the  soil  molded 
impact  method.   Their  tesl    ndicated  that  t 
of  soils  compacted  by  the  standard 
methods  are  quite  close,  perhaps  even  w". 
experimental  errors.   Based  on  their  study  o: 
of  tests  conducted  at  Waterway-  Experi       I ation 
Wahls  and  Langfelder  (1967)  felt  that  the  s1 


chara<-  i.ar 

to  f i e Id  c om pac 

Sp        for  labo 

;oJ  Is  are  '.ained  by  com: 

by  static,  I  ii   -X   method     onard.  , 

Seed  et.  al,.  I960;  C  Leld, 

.Harden  and  Sides,  1970).   In  thli 
compaction  methods  were  chosen  v. 
results  would  be  generally  applicable  to  fiel 

lA      Experimental  Appara" 

Triaxial  compression  equipment  in  which  both  axial  and 
radial  displacement  could  be  recorded  as  continue      no- 
tions of  time  was  developed  by  Ferloff  (1966).  -8 
shows  the  salient  details  of  the  setup.   Seme  of  the 
important  accessaries  of  the  assembly  are  described  below. 

The  triaxial  con..     'on  chamber  used  in  this  study 
was  of  "Norwegian"  variety  manufactured  by  Geonor  (Andresen 
and  Sinn  ns ,  i960).   The  confinii       .ure  .        'ed  to 
the  chamber  fluid,  water,  by  a  small  piston-loaded  constant 
pressure  cell.   An  approximately  one-half  inch  deep  layer 
of  oil  was  maintained  at  the  top  of  the  cell  in  order 
lubricate  the  vertical  piston  with  which  the  axial  load  was 
applied  to     specimen.   The  piston  was  lapped  in  a  r:    - 
ing  ball  bearing  bu  continuous. 

a  small  motor  via  a  flexible  cable. 


.1   cell   was 
ach   -i    mann    p  ne 

piston   by    placJ 

permitted   c 

due  to  chamber  pressure  as  wel 

axial  load  for  creep  t    Lng.   In  orde. 

nearly  instantaneous   ,  rnoothly  wi1 

the  required  weight  .  v.  re   supported  J  . 

hanger  by  four  pi  i    which  extend  from  a  plate  atta 

a  hydraulic  jack  underneath  the  load  ha 

were  lowered  until  they  were  almost  in  contact  w 

loading  hanger,  at  which  point  ti  in 

position.   At  the  instant  of  loading  the  hydraulic  |  i 

release  valve  in  the  jack  was  opened  and  the  weigh* 

contacted  the  load  hanger,  apply'  .1  through  t 

piston  to  the  specimen. 

-The  axial  or  vertical  deformation  of  the  specimen  was 
determined  by  mearuring  the  vertical  movement  of  I 
bar  which  applied  ]  i  I   to  th<      on  of  • 

pression  chamber.   The  sensor  utilised  was  a  Da         -del 
103C  -  200  linear  variable  differential  tra. 
This  device  converts  dj    \oements  into  an  electrical 
signal  which  can  be  continuously  recorded. 

The  radial  deformation  in  the  specimen  was  measured  t 
a  device  which  is  a  m<        on  of  one  s  .-.op 

and  Henkel  (1962).   A  schematic  diagr;-.       e  radial 


displacement 

of  the  device  : on 

cell  prior 

;ure  3-10.       iain«fe 
national  Resistant 

movement  of  the  I  with  I 

an  electrical  outpu'     rial.   Th< 
in  the  LVDT  a:  well  as  thi 

bando  could  boa'  iat  pre. -sure  exerteo 

pads  on  bhe  spec '   .      iffic Lent  to  ■  ' 
during  the  testin  ,    he  hinges  at  the  junction  of 
supportin    d  and  brass  collars  were  lubricated  with  a 
thin  machine  oil  to  ensure  the  free  movement  of  * 
able  arm. 

The  rei-  lent  used  was  a  two  channel 

"Oscillo/riter"  manufactured  by  Tea       ruments,  Inc. 
The  recording  unit  excit<  i  the  axial  and  radial  C 

tit  LVDT  and  also  modulated  the  sj  tted 

them.   The  modulated  .         ere  recorded  on  a  twc- 
strip  chart,  so  that  a  continuous  record  oi"   both 
and  radial  displacements  wa.   btained. 

3-5   Testing  Procedure  for  Creep  T 
Both  the  axial  and  radial  I       ment  L      were 
calibrated  before  the  start  of  each  crec  .  com- 

pacted specimen  was  then  removed  fr     ie  dessicator, 


Figure  3.9- Schematic      Diagram     of     Radial 

Displacement      Sensor     and      Spe- 
cimen    on     Triaxial      Cell     Base    (Perioff,  1966) 
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stripped  of     pr  itect  i  v 

por<  ui  stoni 

cell  base.   A  I 

placed  ar<  und  '.  al  f- 

for -this  pur  J-ll) .   After  the  top  1 

was  placed  on  the  specimen,  ly 

attached  to  the  cap  and  boti        tal  with  rubber 

strips  and  silicone  p;rea. 

The  radial  dJ  nsor  wae  mount 

of  the  cell.   The  LVD'l  o  adjusted  that  tl 

di  formation  occurring  during  the  test  could  be  recorded  on 
the  strip  chart,  since  it  could  not  be  adju       ter  1 
application  of  the  confinin  to  the  com;      on 

chamber.   The  outer  chamber  was  then  attached  to  the  t 
of  the  cell,  filled  with  distilled  water  and  centered  on 
the  loading  frame.   The  axial  displacement  sensor  was  then 
mounted  on  the  chamber  and  its  position  adjusted  so  that 
the  deformation  occurring  durii         "  coul  I         ied 
on  the  strip  chart. 

tie    desired  confinin.      sure  was  applied  I   "he 
chamber  fluid  and,  simultaneously,  sufficient  axial  lc 
was  placed  on  the  triaxial  chamber  load  hanger  to  counter- 
act the  uplift  pressure  on  the  piston.   Consolida" 
permitted  through  the  open  valves  connected  to  the 
at  the  base  of  the  specimen.   When  deformation  due  :o  con- 
fining pressure  had  almost  ceased,  the  desired  additional 


• 


Figure  3-11.   Special  Former  for  Mounting 

the  Specimen  on  Base  of  Triaxia^ 
Cell.     , 

(Perloff,  1966) 


. 
load  . 
neraliy  for 
•■hen  a 
essentially  all  rebound 
For  each  load  level  tw 
were  generally  performed  and  a  continu 
tions  during  the  operation 
load  and  unload  cycle,  the 
in . 

During  consolidation  and  it  creep 

men  during  the  drained  tests,  the  drainage  lines  w- 
open,  and  it  is  possible  tha 

magnitude  occurred  throu  . ever,         te 

duration  of  creep  tes-       only  a;   . 
the  experiments,  it  is  unlike.     it  the  change  i 
the  strain  readings  appreci 

3-:  m 

A   Model  56  Wykeham  rarrance  cor.:         loading  device 
of  one  ton  capacity,  in  which  load  was  aj 
rate  of  ram  movement,  wa.     1  in  determ ' 
of  samples.   Axial  displacement  was  measure. 
Dial  Gage,  Model  C8IS-C  graduated  to  0.001        .he 
displacement  rate  generally  usej  is  0. 

inches  per  minute,  giving  an  average  axia         rate 


lure  v 
depending  upon  the  c 
pressure.   i 
water  content  was  d<        d. 
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leful,  wher<  possible, 

by  scalar  parameters.   The     -leal  si      ensor 

re;        I  -  ;:  the  od 

toric  stress  tensor  by  the  octahedr 

a  simplification  Ls  aseful  only  I     e  mate: 

non-dilatant  and  Isotropic.   The.  ave  been 

made  herein,  as  in 

Woodward,  1967;  Giriji  ,    -ban  and      .  -   -)• 

In  the  previous  discussions  of  the  triaxial  test, 
homogeneous  stress  and  •  the 

have  been  assumed.     is,  the  Ls  treat. 

"point-like"  attribute-  and     material  re 
pertains  to  a  material  point,  can  be  detern 

ient a  <  f  I  he  respons 
actually  the  radial  deformation      e  cylii  I 
is  likely  to  be  restrained  by  the  developmen" 
with  the  end  plates  and  as  a  consequence,  I     ogene 
in  stress  and  strain  condition;      Ln  the  sample  will 


r-  '.'1  -•-,  Lnt  lead 
the  specii 

■ockley  and  Ahlvin,    60;       ,  3j 

Trues-dale        n,  19(-  ;  and  Vey, 

Bardon  and  McDermott,  l'j-      .     •■•  ,  .  ■   .   A  h 

ite  of  stress  and 
ed  by  using  lubricated  end      of  larger  diarnet- 
specimen,  which  allows  for  more  nearly  free  e> 

1   top  and  thi  owe  and  Harden,  19( 

Januskevicius  and  Vey,  1965;  Duncan  a-..      p,  19< 
Kir  law,  1968) . 

Different  kinds  of  special  testj 
been  developed  to  obtain  homogeneous  str(        '  ' ans 
the  soil  sample  du;  Li      ting   S  wers,  .  H 
only  partial  success.   Ko  and  Scott  (1967)  fabricated 
equipment  to  apply  a  uniform  stress  across  eacl 
at  a  cubical  sample.   hut  according  to  Bell  (1 
restraint  may  cause  in]     ,  neity  in  this  a: 
Roscoe  and  his  co-workers  developed  a  nev.     ixial  appara 
(1970)  and  some  experimental  results  obtained  nil       ive 
been  reported. 

However  he:      ous  conditions  can  be  general 
assumed  to  prevail  in  the  triaxial  test  whenev   . 

1)   the  length  to  diameter  ratio  is  su       tly 
large  (Bishop  and  Green,  1965;  Duncan  and  . 


2)  the  .       are  bi  • 
Duncan  and  Dunlop,      )% 

3)  th(  liameter  of  \ 

r  than  the  . 

JanuskevicJ 

Belshaw,_  1968  . 
In  the  triaxial  creep  tests  that  were  conducted 
investigation,  the    ngth  to  d     er  ra* 

greater  than  two,  the  strains  were  generally  le        -ne 
per  cent  and  the  diameter  of  the  top  loau I  L.41 

inches  while  the  diameter  of  the  ras  1.31  inc! 

Hence  it  is  felt  that  homogeneous  stress  and     An 
conditions  within  the  specimen  can  be  reasonably  assumed 
for  these  tests. 

k.2      Characterization  of  Time-Dependent      ± 

"         of  the  S:'fls  T> 

In  pigur   -?-    the  maximum  shear  strain  ol  ing 

typical  triaxiaH  compression  creep  tests  or. 

icimens  Ls  plotted  against  tine  for  various  stress  1 
It  is  to  be  noted  that  in  the  ~eep  tec:  . 

octahedral  shear  strain  is  a 'scalar  multiple  >1        Lmum 
ear  .train  (Equation   -6a).   For  the  duration      «  test 
period,  the  creep  curves  appear  as  s1  a 

logarithmic  plot.   Thus  the  relation  between  1        shear 
(distortional)  strain  and  time  can  be  expressed 
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w]  iere 

t  (t)       =  Ln  at  time  I  ; 

c.j  ( t )      = 

t         =  tine  elaj   I  tfter  the  applica 
loa  ; 

c,n       =  constant!  , 
As  discussed  bj    -loff  (1966) .     i  form  of  relat 
appears  to  be  valid  whether  the  sample     I esteu     ned 
or  undralned;  whether  it      he  first  load ! 
loadings,  whether  the  sample  was  confined  o] 
for  all  s      levels,  for  all  moisture  contents,  for 

of  compaction  that  were  used  in  this       and  for 
duration  of  creep  up  to  1000  minutes  (Figure  1-3  ■ 
results  are  in  general  agreement  with  -*d 

uniaxial  measurements  on  saturated  clays  by  Singh  a 
Mitchell  (1968,  1969)  and  I     una  and  Shibata  (1961) 
well  as  torsional  shear  tests  on  compacted 

Tomas  (1962).   Bishop  (1969)  has  conducted  drained  constant 
stress  level  tests  on   undisturbed  clays,  the  tes        on 
being  up  to  1000  days.    1    of  his  test  r 

at  power  law  representation  I    -lid  c      the  entire 
time  range,  while  other  tests  indicareu 
period  of  applicability.   He  al     utes  I 
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increase  of 
I         the  fundan 

Suet i       ural  Lake  p 

compacted  cla./  , 

•  Equation  ^-3  imp i 
can  be  expressed 

J(t)  =  AJ(t) 
instead  of  the  usual 

)  =  J(0)  +  AJ(t) 
where 

J(0)   =  initial  value  of  c      .tnce  (t  =  0) 

AJ(t)  =  J(t)  -  J(0)  =  trancient  component  of  cor 

Figure  k-h    shows  the  variation  of  creep  compliance 

time  at  various  stress  levels  for  EPK.   It 

the  power  law  representation  of  the  shear  ere-: 

is  valid  within  the  time  range  used  in  the  test  pre   .  . 

A  complete  material  characterization  can  bv       for 
a  homogeneous,    tropic,  non-dilatant  laterlal  - 

ing  one  other  material  parameter.   Fo:  t  triaxj 
sion  creep  test  in  which  the  la1 

the  negative  of  the  ratio  between  lateral  strair.        al 
strain  at  an     te  can  be  usefully  thou  the 

equivalent  Poisson's  ratio  at  that  time, 
constitutes  the  second  parameter  required. 
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shear      s  level  incr 

This  trend  appeared  to  be  tru 

conducted  durii  idy ,  i  ective 

However,  increase  or  dec;-     In  va .  .ar 

stress  level  wj  atively  small. 

is  believed  reasonable  t  .quiva. 

Poisson's  ratio  is  for  prad  ,  independ- 

t  ime . 

^t .  3   Effect  of  Loaci       I  ory  or.  Creep  Be: 
It  was  shown  bj    r-loff  (lrjC6)    that  the 

induced  by  the  load  application  '  Lily  larger 

for  initial  load  'or  the  succeeding  cycles,  ev 

though  the  straj      : :  Lc  relati-.  en 

ar  strain  and        oeared  to.be  valid  for  al]     . 

Figure  4-6  show:  th   •  .  ults  of  four  loading  and  u:. 

cycles  of  a  test  in     ::  an  ErK  sample  \       fected 

eight  loading  and  unload!..  •  figure 

for  a  limited  number  of  cycles,  the  differer. 

total  strains  at  the  end  of  two  succ 

application  become  p        ively  less  as  I 

cycles  is  increased.   Inv 
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loading. 

Straln  for  !   '  °ycl"  ljusted  to  zero  at 

the  instant  o  ,atlon>   ThU3  the  nf 

tin  during  each  cycle  of  loading  can  be      : iy  cc 
The  larg     ,  lln  ln  the  flrst  loadlng  cycle  is  ev 
A  3d  :  Lar  result  was  observed  by  I.   - 

result  appeared  applicable  irrespective  of  the  I     3n  of 
the  first  loading  cycle  and  the  length  o  Lng 

period  between  load  cyc.1 

Similar  results  have  been  reported 
in'  ■  Pled   out  on  ihe  defor     n  and 

characterisl  Lcs  of  compacted  cohesive  sc  I     a   |ed  i   to 
repeated  loads  (Seedret.  al.,  1945;'  Seed  a  I     .     , 

'  and  l      "ards,  1962).         teen  found 
def.  raial  Lon  under  the  first  application  of  load  M  ,    Wh 
greater  than  for  the  subsequent  applications  of  load, 
irrespective  of  the  duration  of  tl        Loading.    or 
Lnstance,  the  frequency  of  loa 

Lnves  Lons  of  Seed,  et .  al.  (1955)  ,  .  Led  fro  bo  20 
cycles  per  minute.  They  state  that  a  general  relationship 
may  exist,  between  the  deformation  after  one  apF;     ; on 
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any  number  i 

,  a  loose  i 

• 
loose  lift  ind  i    only 
the  la       Low.  (Joh  ,  i960  . 

com]    ed  layers  below  may  be        tial,  de- 
the  ratio  1        '.he  diameter  of  the  cc 

1  the  depth  (Gowers  and  Gulliver,  Y)*bzj) .      Hence  J 
felt  that  the  compaction  of  the  loose  lif 

approximates  to  an  initial  repetitive  lc      of  a      ?d 
number  of  cycles  on  the  compacted  layer  below  ' 

It  was  not  clear,  however,  whether  the  above  conclu- 
sions were  valid  when  the  i;       load      pplj  .  Tor 
only  a  very  snort  duration  c 

sts  were  performed  wher  '       lu   tion 
cycle  of  loading  was  limited  to  one' minute.   The  - 

then  allowed  to  relax  for       n  minul 
reloaded.   Figures  4-8  and  4-9 
on  two  similar  specimens,  one  of  which  v. 

short  first  load  cycle  described  above,  the       of 
which  experienced  the  conventional  one-he 
followed  by  a  one-half  hour  unload  1         I  ..er 
conditions  of  testing  for  the  two  s:.  |   s  were  idem 
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(Ramaswamy  and  Perloff,  1970) 


MO 

specli,*  no.      It  ;r 

and  the  .-All 

enough  to  be  attributed  t 
Hence  it  can  be  conclu  . 
subsequent  cycles  do  not  depend 
t'i  f.'t  loading  cycle. 

In  order  to  dete  ioadl: 

interest  in  the  prediction  of  creep  d-  a 

[acted  fill,  It  j  :  to  consider, 
earth  embankment  of  fifty  feet  in  height. 
unit  weight  of  soil  masi     110  pound  foot, 

maximum  vertical  stress  will  be  approximate- 
When  the  soil  is  compacted  in  the  field,  the  cont  . 
pressure  will  be  approximately  2^0  psi  undt  . 
foot  roller.   The  vertical  normal  pressure  reduce. 
with  depth  since  the  dimensions  of  the  sheeps  fool 
relative,,     11.   If  the  foot  size  is  ass. 
8"  x  0.7",  the  vertical  pressure  will  be  le. 
when  the  depth  exceeds  two  inches. 

exerts  a  punching  action  and  11      be  re  ted 

that  the  soil  mass  in  the  compacted  layer  will  be  at  a 
depth  less  than  2  inches  at  one  t'       .net  he: 

e  compaction  process.   This  implies  that  the  compacted 
layer  is  subjected  to  a  number  of     Les  of  greater  or 


equal  magnitude  than 

will  be  imposed.   Hence  it  would 

response  due  to  seci  [uent  loadii 

analysis.   Consequently  all  furti.       ilts  wl 

reported  for  second  or  subsequent  cycles  of  loadin,  . 

Perloff  (1966)  has  reported  that  the  creep  r 
of  a  compacted  specimen  subjected  to  one  of  a  series 
loads  is  essentially  equivalent  to  that  experienced  ur. 
a  single  load  of  the  same  magnitude.   He  conducted  two 
series  of  comparative  creep  tei     0  determin' 

:cimen  subjected  to  a  series  of  stresses  would  behave 
in  the  same  fashion  as  a  number  of  identical  specimens 
each  of  which  was  subjected  to  a  sin  ;le  stress  level. 
Figure  4-10  shows  the  creep  curves  for  the  second  loading 
cycle  for  EPK,  in  which  the  soil  was  subjected  to  a  series 
of  stress  levels.   The  re      of  a  few  tests" on  similar 
specimens  for  which  the  applied      s  is  the  only  creep 
stress  to  which  the  soil  was  subjected  are  also  shown. 
The  figure  indicates  that  th<  he  test, 

which  the  soil  has  been  subjected  to  a  series  of  loads 


1.   It  is  recognized  that  the  first  cycle  of  creep 
ing  in  this  investigation  is  not  the  equiv 
expected  field  loading,  and  that  the  effects  of  a 
confined  creep  test  on  the  compacted  cohesive  soil 
may  be  different  from  the  repetitive  loading  of  a 
limited  number  of  cycle.  . 
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are  essentially  .  '  Liar  to  those  from 

each  load  is  applied  to  a 

implies  that  the  behavio 

not  influenced  by  the  previous 

the  specimen,  so  long  as  the  stress  level  ii       ■  than 

those  preceding.   Hence  the  standard  I     procedure  was 

modified  so  that  a  single  specimen  was        r  each  load 

series . 

4.4   Effect  of  stress  Level,  Confinir.        .re 
and  Moisture  Content  on  Creep  Behavior 

Figures  4-11  and  4-12  indicate  the  influence  of 
level  and  confining  pressure  on  the  magnitude  of  creep 
parameters  c,  the  principal  strain  ratio  and  n  for  Edgar 
plastic  kaolin  and  grundite.   It  is  seen  that  th-     -    '.- 
tude  of  c  increases  in  a  non-linear  manner  with  increase 
in  stress  level.   The  magnitude  of  principal  strain 
ratio  also  increases  with  stress  level  while  n  appe 
to  be  independent  of  stress  level.   The  confining  pr- 
does  not  influence  the  creep  paramel     in  such  a  marked 
manner.   At  a  .particular  stress  level  the  mag.    ides  of 
c  and  the  principal  strain  ratio  decrease  as  the  confin- 
ing pressure  increases  while  n  remains  unaffected. 
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Figure  4.11   -Effect    of    Stress    Level      on    Creep    Parameters 
for     E  PK  (Data  from    Perloff,  1966) 
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Figure  4.12  -  Effect    of    Stress    Level    on    Creep    Parameters 
for    Grundite  (Data  from  Perloff,  1966) 
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Figure  4.13- Effect    of    Stress   Level    on    Principal 
Strain    Ratio   for   EPK 

(Ramaswamy  and   Perloff,  1970) 


70 


0.6 


0.4 


0.2   - 


0.0 
0.1 


0.0 


2.5 


2.0 


1.5 


A 


A 


■^"g 7 


A 

A     • 


Impact    Compaction -1 20   Blows 
cr,  =  3  Kg. /cm" 

©  w  »  14.2  % 

•  16.7    %    (O.M.C.) 

A        19.0    % 


0.5  - 


0.0 


-cr,  (Kg. /cm  ) 


I        "3 


Figure  4.14  -  Effect    of    Moisture    Content    on    Creep 
Parameters    for    Grundite 

(Data    from   Perloff,  1966) 


71 


0. 


n 


0.0 


2.5 


C  1.5 


i-4 


o 


Impact    Compaction  -  45  Blows 
o-j  ■  3  Kg. /cm 


©  w-14.1   % 

•  178  %    (O.M.C.) 

A         21.7  % 


10 


a-,  -o-,  (Kg. /cm2) 


Figure   4.15  -Effect    of    Moisture    Content    on     Creep 
Parameters    for    Grundite 

(Data  from  Perloff,  1966) 


'  i  "  °  3  -*  r  =  ■'   ' 

in  th  i  a  wa;   lone,  i 
content  and  confinii 
for. 

The  failure  stress,  (c^  -  o,)f,  i 
c-ion  is  that  corres  . 

which  the  test  was  perfo]  •  I 

function  of  the  type  of  '       .      b  j  ,  j 
test  the  confining  ;  -  isure  i.  I  to  t 

octahedral  norma L  stress. 

there  is,  in      ■■.■:,  ■  corresponding  increase  '   r.cta:  I 
■'   -■:  :  L  .-\  j'-.':- .   if  the  shearij      Ls1  ance  ' 
conf j  i  ement,  there  will  be  a 
fa  '  :  ur<  si  n  ngth  as  the  octa     il  nor 

the  use  of  the  .  hear  strength  e 
stresi  acting  at  the        of  fai  '  ■  ' 

than  u.'iii: ;     failure 
normal  stresses. 

Th<   [uestion  I  hen  arises  as  to  wh< 
criterion  should  take.    I 
determine  an  appropriate  th 

Lrkpatrick,  1957;  Wu,  et  al,  1963;      >p,  19*  ; 
Scott,  1968).   On  the  basis  of  these  investi;-at; 

hers ,  i  t  appears  thai  th   ■   :  lete  . 
important  in  dett  llure  'Is. 


Newmark  ( i 960) 
of  St] 

incorporate  all  compon 
The  form  of  this  criteria 

(Wf  =  c*  +  (joct>f  tan  ♦' 

where 

(t   . ) _  =  the  octahedral  shear 

oct  f 

(a   , )_  =  octahedral  normal  stress  at  failur'  ; 
oct  f 

c       =  intercept  on  the  x-axj  ; 

4>*      =  slope  of  the  failure  ei 
This  is  equivalent  to  an  extended  form  of  Von  Mj 
of  yielding  and  has  also  been  proposed  by  Drucker  and 
Prager  (1952)  as  an  extension  of  the  conventional    r- 
Coulomb  criterion. 

Figure  4-16  s      the  relation  between  (a,  - 
and  octahedral  normal  stress  at  failure. 

noted  that  (x   .  )  ~  is  proportional  to  (a,  -  a,)- 

oct  f 

triaxial  creep  tests  (Equation  2-!*).      UsJ 
the  creep  param<  '  -ure  4-12  are  replc 

Figure  4-17  as  a  function  of  the  octahedr  i   ^ess- 
ratio,  (t   t)/(x  t)r.      The  figure  cle 

by  plotting  c  as  a  function  of  I  -  :, 

the  effect  of  confining  pressure,  for  grundite,  can  te 
approximately  accounted  for.   Figures  4-l8  and  4-19  show 
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Figure  4.17- Effect  of   Stress -Strength   Ratio   on 
Creep   Parameters   for   Grundite 

(Data    from    Perloff,  1966) 
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Figure  4.18 -Effect  of  Stress -Strength   Ratio   on 
Creep  Parameters   for    EPK 

(Data   from    Ramaswamy  and  Perloff,  1970) 
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(Data    from    Ramaswamy   and   Perloff,  1970) 
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1956;  Lamb'e,  196I;  Olson  and  Langfelder,  1965). 
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Olsen  and  Langfelder,  1965). 
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the  induced  water  pressure  is  generally  far  less  than  the 
negative  pore  water  pressure  existing  in  the  soil,  there 
will  be  no  escape  of  water  (Yoshimi  and  Osterberg,  1963). 
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0.4 


0.2 


n       0.05 


1.4 


1.2 


1.0 


C         0.8 


0.6 


0.4 


0.2 


0.0 


0 

-JT- 


9 


Impact   Compaction  45  Blojws 

w  -25.1  % 

Confining   Pressure   I  Kg/c|m" 

©    Drained 

x   Partly   Drained 


0.0 


0.8 


1.0 


0.2  0.4  0.6 

<Toct)/(ToctJf 

Figure  4.23 -Comparison    of   Effects    of   Stress -Strength 
Ratio   for   Drained    and    Partly    Drained    Creep 

Tests    on    EPK 

(Data   from   Ramaswamy  and   Perloff,  1970) 


cohesive  soil  undo,     l       entially  Li 

length  of  the  drainag'  soncluded 

pore  air  pressure  does  not  affect  - 

dependent  behavior  of  part!  i  cohesive  soil  I 

range  of  stresses  u  eda  and  the  mechanical  propert I     re 

independent  of  the  size  of  the  soil  mass  considered  I 

.'ting.  But  it  is  to  be  pointed  out  that  the  moisture  con- 
tent was  two  per  cent  dry  of  optimum.   An  approximate 
determination  of  the  induced  air  pressure  was  made  assuming 
that  the  entire  volume  change  was  due  to  the  compression 
of  air  in  the  void.-  .   It  was  found  that  the  maximum  induced 
air  pressure  was  only  about  1.5  psi.   The  conclusion  is 
reasonable  in  view  of  the  small  magnitude  of  induced  air 
pressure  due  to  applied  loads. 

However  experimental  creep  parameters  may  not  be  v'al 
as  the  degree  of  saturation  approaches  one  hundred  per  cent 
and  air  voids  tend  to  become  isolated.   .For  example,  if 
the  hydrostatie  confining  pressure  on  a  compacted  c     I ve 
soil  specimen  is  increased  and  no  drainage  Is  permitted, 
the  pressure  is  transmitted  partly  to  the  entrapped  air. 
This  air  is  reduced  in  volume  at  constant  temperature 
according  to  Boyle's  law  and  is  partially  dissolved  in 
water  according  to  Henry'.-  law.   Hence  the  degree  of 
saturation  will  tend  to  increase  significantly.   But  there 
is  no  definite  information  regarding  the  relation  between 
the  increase  in  degree  of  saturation  and  buildup  of  pore 


water  pressure.   Casagrai  -  ;one 

extensive  inv<  !  ore  \   ■■ 

the  compacted  ool        oil  sub,     I 

conditions.   They  concluded  thi  develop- 

ment in  specimens  compacted  to  a 
principally  a  function  of  the  water  content  a:.- 
major  principal  stres  ,   However,  Yoshiml  and  Oote. 
.(1963)  found  no  expulsion  of  water  from  compacted     pies 
in  a  one-dimensional  consolidation  test  even  when  the 
degree  of  saturation  was      '       '7.0  per  cen  , 

It  is  clear  that  the  placement  moisture  content  and 
the  stresses  to  which  the  soil  is  to  be  subjected  in  the 
field  have  to  be  known  before  one  can  properly  model  the 
field  behavior.   The  total  stresses  within  the  embankment 
can  be  computed  with  sufficient  accuracy  (Perloff,  et.  il, 
1967).   But  moisture  control  is  either  lacking  or  applied 
in  a  number  of  ways,  depending  upon  the  project.   Sub- 
stantial pore  pressure  build  up  have  been  observed  in 
earth  embankments  during  construction  (Gould,  1959; 
et.  al,  I960).   Walker  and  Holtz  (1952)  have  Lnve 
the  practical  limits  within  which  the  moisture  content 
in  the  compacted  fill  can  be  varied,  using  the  "limil 
moisture  concept"  and  the  results  of  one-dimensional  con- 
solidation tests.   The  placement  moisture  content  should 
neither  be  so  low  as  to  cause' extensive  settlement  on 
saturation  nor  be  so  hi      to  cause  a  lw    "   -'ease 


i  re  wat        ,■•   \    ■■■ 
a  moisture  cont<  i 

:  east  optj 

earth  dams  to  avoii 
verse  cracking. 

In  the  present  investigation  calculation  for  an  I  - 

pact  compacted  sample  under'  a  -  nfinj  ig 
kilogram  per  square  centimeter  indicated  that  the  a 
.of  saturation  increased  from  92.3  per  cent 
cent  under  a  stepwise  increase  of  deviator   tr 
kilograms  per  square  centimeter;  the  influence  of  confin- 
ing pressure  was  not  taken  into  account.   Previou 
gat  ions  have  indicated  (Sankaran,  1966)  that  there 
no  loss  of  n  Lsture  at  similar  stress  Ic- 
on the  present  test  results  and  the  results  of  o1 
investigators,  a  conservative  upper  limit  J 
principal  stress  of  about  8  kilograms  per  square  centi- 
meter (Casagrande  and  Hirschfield,  i960)  ca 
the  validity  of  the  proposed  parameters  for  a  cohesive 
soil  compacted  at  optimum  moisture  content.   This  « 
out  to  be  the  maximum  vertical  stress   -  t 
embankment  of  120  feet  in  height.   Howeve  . 
arbitrary  limit,  and  for  each  soil  the  allowable 
principal  total  stress  is  bound  to  var;  .od 


compaction,    placement   raoj 

ex  i         n 

iL    fenerallzed  i      -  -rain- . 
Relationship 

Attor-ii  ts  to  establj  - 

time  relationship  for  cohesive  sol]     re   all  been  general- 
ized from  relatively  simpl<  sonditions.   T: 

most  common  test  In-  |  rocedure  used  is  the  tri 
pression  test,  in  which  rad 

test  results  obtained  in  this  study  are  compared  with 
those  of  other  inv<  to  verify  the  validi' 

the  proposed  relations 

Lara-Tomas  (1961)  applied  a  constant  torsional  she 
stress  on  a  hollow  cylindrical  compacted  soil  samel 
measured  the  shear  deformation  with  time.       .    led 
shear  stress  was  the  maximum  shear  stress,  and  prci 
to  the  octahedral  shear  stress.   He. plotted 
of  strain  rate  against  logarithm  of  time  and  cone 
that , 


ft   =  at_m  -8) 


in  which 


Y  = 

t  m  ■  c 

t         =   1-  '  ■ 

On   integration   of   Equation    4-8, 

Y(t)    =    YQ      + 

Setting 

Y   =    (el  "   £3} 
n   =   - 
a 


-  -+1 
^ 


c   = 


-rn+1 


Y      =    0 
'o 


Equation  4-9  becomes 

E   -  £   =  Ctn  "10> 

Thi,  SUggesl      t  3  ra-Toma  '   (1962)  r       ire 
sistent  with  those  presented  herein.   A  direct  cor.;,  rj  n 
with  hie  findings  is  shown  in  Figure  4-24,  in 
logarithm  of  strain  rate  is  shown  as  a  linear  fun 
logarithm  of  time  for  cree;  -   ts  on  EPK.      the  she 
stress  is  increased,  the  sti  tight  lin<    i    tender 
move  up,  the  value  of  m  being  almost  I        •    ■ 
of  stress  level.   These  results  are  similar  t     aae 
obtained  by  Lara-Tomas  (1962). 
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1968)  are  also  <■•  tent  with  the  representatic     posed, 

4.8   Non-linear  Viscoelastic  :     Lai 


It  has  already  been  indicated  that  the  reepor. 
many  types  of  non-linear  visccelastic  materials  can 
expressed  in  a  form  similar  to  that  for  linear  vi 
elastic  behavior.   For  example,  for      xial  load!:.  . 
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Because  the  logarithm  of  the  creep  c     Lance  I 
function  of  the  logarithm  of  timi  ,  L1         sary  to  u 
both  creep  and  recovery  data  to  determine  the  ma 

P,    1  Ki  ,  Sn  and  a  which  are  stress  dependent  1        rs 

o   °i ' 

(Schapery,  1969a,  1969b;  Lou  and  Schapery,  196 
For  a  two-step  uniaxial  loading  te. 
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ar  creep  compliance 
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test  results  on  c  mp;  Lve  soils  (Pj 
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alone.   Recovery  data  ....   .. 
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the  recovery  curve  for  unlc   ling  at  t  =  t 
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soelastic  curve  by  t   •  two 

axes .   Th   i  lount  of  to  the  1<  rt  ,  and 

vertical  shift  (e  /Ae  )  i      log  a 

i  respectively.   Since  the  curv        .ot  gei     .y 
stral     Lim  s,  unique  value.;  of  a 

When  the  linear  vis   •  La!  I  Lc  creep  cc  ... 

the  magnitude  of  g„  can  be  de^  :reep 

Knowln      value/,  of  a  ,  g,  and  k ,  different  , 
g2  can  be   .1  .  Ltuted  in  Equation  ^-1',  redicted 

creep  curve  coincides  v/ith  the  actual  creep  curve.   H- 
all  the  values  that  are  needed  to  charac. 
at  a  particular  stress  level  can  I     I  lined. 

In  applying  the  above  non-line:;.     'oela^ 
tion  to  the  behavior  of  compacted  cohesive  soi   . 
of  confining  pressure  and  the  moisture  conten* 
accounted  for  it  the  creep  strain  is 
of  the  stress-strength  ratio.   '.i.erefore  it 
to  define  a  normalized  creep  compliance  J'(t), 

Y0,t(t) 

J'(t)   =   t(xo  ")/(xQet)r]  -6> 

oct     oct  f 

The  actual  shear  creep  compliance   ...  be  ob1  - 

ing  the  normalized  shear  creep  compliance     I  pal 

shear  stress  at  failure  corresponding  to  the  t 
octahedral  normal  stress. 
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ratio  on  the  i, 

ters  for  an  unconfined  k 

sontei  t.      fact 

.•edure  can  be  cor.     ntly  applied  I  ra- 

.meters  a  and    '      if  an  indication  U. 
nonlinear  viscoelastic  constitutive  law  can 

;>acted  cohesive  soils.   )       4-27  wa. 
the  creep  parameters  for  predicting  the  creep  re:       of 
come  other  samples  with  differer." 

confining  pressures.   The  creep  strain  for  ----- 

ous  step  loading 

c«i-«3)(t)  -  &2  w  ■  irz  gie2  (^,n  JoRi        ("-32> 

Figure  4-28  shows  the  predicted  and  experimental  creep 
curves.   The  points  shown  are  the  measured  dat  . 
lines  are  the  predicted  relations.  ation 

was  found  to  be  eight  pe; 

The  data  of  Figure  4-27  were  als 
both  creep  and  recovery  response  for  specimens  at  va 
confining  pressures.   The  recovery  strain  i 

^l-^r   =  T71   (Yoct}r 
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Figure  4.28  -  Creep    Curve    for     EPK 

(Data   from    Ramaswamy   and    Perloff,   1970) 
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4.9   Effects  of  Anlsotr' 
During  the  compaction  process,  re 

likely  to  develop  a  preferr  n  perpendic i 

the  major  principal  sti  Hence  th       ion 

arises  as  to  whether  the  compacted  clay  will  t 
tropic  in  its  strength  and  str    -         aractei 
To  determine  the  extent  of  the  anisotropic  behav: 
compacted  cohesive  soils,  two        af  triaxial  exl     on 
creep  tests  were  conducted,  in  which  the  direction 
principal  stress  was  parallel  to  the  plane  of  compa 
The  soil  tested  was  EFK  and  both  impact  and  kneadi. 
compaction  were  used. 

For  these  tests  the  Norw<      triax:  . 
merit  was  modified  so  that  the  diameter  of  the  loadi: 
piston  was  the  same  as  that  of  the  sample, 
increase  in  fluid  pressure  around  the  sample  would  i 
affect  the  axial  stress. 

The  triaxial  extension  tests  were  cc:  I  •  • 

The  sample  was  set  up  in      .erally  similar  man:, 
compression  creep  tests.   Confini  'e  was 

by  means  of  the  constant        re  cell.   However  t:. 
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Hence  "Duc< 
between  the  base  pedestal  and  the  p:  .      ell 

as  between  the       :.d  the  soil.   After  the  def 
had  almost  ceased,  the  lateral  stress  which  wa 
principal  stress,  wa  id  to  the  required  . 

When  the  lateral  stress  was  applied,  the  t.     al 
cell  itself  deformed  resultj    Ln  the  movement  of     top 
cap  of  the  cell,  which  was  the  reference  for  measurement 
of  axial  deformation.   Hence  a  correction  had  to  be 
applied.   This  was  done  by  conducting;  an  ext(    'on  te. 
a  steel  cylinder  at  the  same  stress  level, 
extension  test;  also  they  were  too  snail  to  proa 
deformation  in  the  steel  sample.   Hence  the  movement 
the  axial  deformation         is  entirely  due  t        i  l- 
axial  cell.   Two  tests  were  conducted  and  the 
the  two  was  used  to  correct  the        ion  test  data  on 
the  compacted  soil  sample. 

Since  the  major  principal  stres.  exter. 

test  are  the  lateral  stre     .         Ltud     the 
equivalent  Poisson's  ratio  is  not    ...1  to  the  ratio  be1 
the  principal  strain    Its  value  at  a  pari ' 
can  be  obtained  by  noting  that  fc 


elastic  bi 

and 

Ae3  =  E  tAo3  "  lj(Aai  +  Loj    ]  (*-] 

For  the  tri  axial  extension  te; 

Aa2  =  ha1   =  Aor 

and 

Ao3  =  Aaa  "  ° 

In  these  expressions  the  A  indicates  an  incremental  value 
after  consolidation  under  an  all-round  pressure. 
stituting  Equations  4-36  and  4-37  into  Equations   - 
4-35,  and  dividing;, 


Ae~ 


-Ae_ 
2Ae3  -  Ae3 

This  expression  was  used  to  determine  th     iival< 
Poisson's  ratio  at  time  t  from  the  extension  t 
Figure  4-30  shows  the  typical  results  of 
test  series  conducted  on  compacted 
(EPK).   It  also  indicates  that  the  relation  be 
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Figure  4.30 


Relation    Between    Maximum    Shear    Strain    and 
Time    for    Extension    Creep    Tests    on    EPK 

(Ramaswamy  and    Perloff,  1970) 


hear 

nted  by  I     '  on  4- 

- 
lent  PoJ     ' s  rati 
stress  level.   Tr 

lent  Poisson's  ratio  was  minor.   However,  the  ma 
the  equivalen'         '    :tio  v.     eater 
noted  in  the  compression  creep  tests,  even 
as  shown  in  Figure  4.33. 

Figures  4-32  and  4-33  show  the  cor 
drained  compression  creep  t        I  mob  ^n 

tests  for  two  types  of  compaction.   At  low  shea: 
levels  the  magnitudes  of  c  are  similar  for  I 
Eut  at  higher  stress  levels,  the  ma     .de  c  I 
extension  tests  was  higher. 

Due  to  limitations  on  the  m     im  chamber  p.     re, 
it  was  not  possible  to  increase  the       es  to  failure 
in  extension  tests.   [ence  the  results  could  n 
compared  at  equal  stress-strength  ratios, 
spection  of  the  figures,  it  seems  probal 

the  strength  ratio  has  been  used,  c  would  have  been  larg 
for  the  extension  t<        higher  stress  ratios.   A 
in  Figures  4-32  and  4-33,  tl     gnitude  of  n  was  indepen 
of  the  stress  system  and  shear  stress  level. 

Figure  4-3^  shows  the  results  of  an  I. 
solidation  test  conducted  on  a  grundite  spec!      If 
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Figure   4.31  -  Relation    Between    Equivalent    Poisson's 
Ratio   and   Time   for    Extension   Tests 
on    EPK 

(Ramaswamy  and    Perloff,  1970) 
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Level    on    Creep    Parameters    Between 
Compression    and    Extension    Creep 

Tests.  (Ramaswamy  and  Perloff,  1970) 
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materia]    I  p  Lc  strain  should 

hav   ■  I         ...      • 
also  occur.-.  In  r 

in  -in  and  i  i1  -•  pic  •  ■  nner.      Implicate 

response  Ls  that  a  mil  '     of  five  paramet 

are  required  to  describe  th         sal  be] 

simplest  anisotropic  materi      1;  -,o 

evaluate  the  necessary  pa 

compression  test  ri      alone.   Also,  loul 

express  td  about  comparing  the  results  of 

pression  tests  on  a  triaxial  specimen 

parameters  for  soils  (Roscoe,  et .  al.,  1 

However  the  following  comparison  may  be  of  use  in  evaluat- 
ing the  influence  of  anise         avior  in  the  proposed 
analysis.   The  modulus  of  elasticj    at  one   Li  ite  was 
calculated  for  both  extension  and  cor      'on  te  I 
assuming  the  material     be  isotropic.   The  ratio 

■  modulus  ca     -ted  for  the  extension  test  and  that 
the  compression  test      e  sairn      ss  le\  .m 

0.8  to  1.8.   This  ratio  may  re     y  be  assumed  t 
the  ratio  between  the  modulus  in  the  horizonta. 
and  that  in  the  vertical  direction.   Harden  (1963) 
has  pointed  out  thai  the  ratio  b<       loduli  is  ::.uch 
more  important  than  the  values  of  Foissc:.'    /itios 
in  computing  surface  settlements.   Also  L1 


by  action  of 

deemed  r<  a:  nable  t  "he 

soil  In  th 


5.   LABORATORY  STRIP  FOOTING  TEST 

5.1   Planning  of  Test 

The  constitutive  relationship  for  the  compacted  cohesive 
soils  was  determined  by  means  of  axisymmetric  creep  tests  in 
which  two  of  the  principal  stresses  were  held  constant  during 
the  test,  while  the  third  was  increased.   Very  rarely  does 
this  condition  exist  in  the  field  since,  in  general  all  stress 
components  will  be  changing  simultaneously  during  loading. 
Thus,  it  was  necessary  to  investigate  whether  the  proposea 
constitutive  law  was  valid  under  more  general  stress 
conditions.   This  was  done  by  applying  it  to  a  boundary 
value  problem  for  which  a  solution  could  be  obtained.   The 
problem  considered  was  the  case  of  a  long  strip  footing, 
uniformly  loaded  at  the  surface  of  a  mass  of  compacted  clay. 

The  test  was  performed  in  an  aluminum  box  6  inches  x 
6  inches  and  9  inches  deep,  where  the  soil  was  compacted  to 
a  depth  of  about  3  inches.   The  box  was  constructed  of 
1/4  inch  thick  aluminum  plates  and  suitably  braced.   The 
inside  of  the  box  was  coated  with  silicon  oil  to  minimize 
the  effects  of  friction  during  compaction.   A  steel  strip 
5.5  inches  long,  1/2  inch  wide  and  1/4  inch  thick  was  used 
for  the  strip  footing.   The  footing  had  a  length  to  width 


ratio  of  11  and  the  width  of  the  box  waa  12  tines  tl 

of  the  footing.   A  space  of  1/4  inch  was  left  Letv.- 

end  of  the  footing  and  the  edge  of  the  box  to  prevent  side 

restraint. 

5.2   Loading 
Loads  were  applied  using  a  lever-type  consolidation 
loading  frame.   A  vertical  steel  rod  1/2  inch  in  diaaetl 
and  7  inches  in  length  with  a  spherical  seat  at  one  end  was 
attached  to  the  middle  of  the  footing.   Steel  plates  were 
welded  to  this  rod  and  the  top  of  the  footing  strip  to 
provide  additional  stiffness  to  the  assembly.   The  shaft 
was  passed  through  an  oiled  bronze  bushing  to  reduce 
friction.   The  bushing  was  supported  by  a  steel  plate 
attached  to  the  top  of  the  box.   The  steel  plate  could  be 
moved  laterally  so  that  the  entire  assembly  could  be  made 
vertical.   Figure  5-1  is  a  schematic  diagram  of  the  box  and 
the  footing.   The  footing  was  loaded  through  the  steel  ball 
in  the  consolidation  frame.   The  vertical  displacemer. t 
the  footing  with  time  was  measured  by  a  dial  gage  and  a 
LVDT  similar  to  the  one  used  for  axial  deformation  measure- 
ments in  the  creep  tests.   The  dial  gage  used  was  a  Federal 
model  E3D5  with  a  least  count  of  0.0001  inch.   Figure  5-2 
shows  the  details  of  the  strip  footing  and  the  entire  test 
setup  is  shown  in  Figure  5-3. 
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Figure  5.1  -  Schematic    Diagram    for   The    Strip 
Footing   Test 
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5.3  Material  Used 

The  soil   used  in  this  investigation  was  grundite. 
The  pertinent  characteristics  of  this  soil  are  described  in 
Chapters  3  and  4. 

The  moisture  content  uacu  for  the  preparation  of  the 
soil  was  less  than  the  optimum  moisture  content  for  standard 
Proctor  compaction. 

5.4  Test  Procedure 

The  soil  mass  for  the  strip  footing  test  was  compacted 
statically.   The  required  amount  of  soil  was  weighed  e 
poured  into  the  box.   The  top  surface  was  made  approximately 
level  by  light  tamping  prior  to  compaction.   Entrapped  air 
was  removed  by  shaking  the  box.   A  cover  plate  was  then 
placed  on  top  of  the  soil  and  levelled.   The  required  amount 
of  loading  was  then  applied  by  means  of  a  screw  loading 
universal  testing  machine  at  the  rate  of  .07  inches  per  r*., 
care  being  taken  to  keep  the  top  plate  horizontal  during 
loading.   The  compaction  pressure  used  was  150  pounds  per 
square  inch.   The  maximum  load  for  the  static  compaction  was 
maintained  for  about  a  minute.   The  maximum  variation  in  wet 
density  was  found  to  be  slightly  greater  than  ^ne  per  ceni 
between  trimmed  samples  obtained  from  different  positions 
in  the  box. 

After  releasing  the  load  the  box  was  transferred  to  the 
consolidation  frame,  the  cover  plate  removed  and  the  strip 


footing  placed  on  top  of  the  soil,   The  steel  plate  v.-    :.e 
bushing  was  adjusted  so  that  the  entire  assembly  was  vertical. 
Then  the  desired  load  was  applied  carefully  as  an  approximately 
instantaneous  step  load  on  the  footing.   The  displacement  of 
the  footing  with  time  was  recorded  by  both  the  dial  gage  and 
the  LVDT,   The  applied  load  was  sufficient  to  neglect  the 
weight  of  entire  loading  assembly.   The  creep  loading  was 
kept  on  for  an  hour  and  the  soil  allowed  to  relax  for  half 
an  hour.   The  loading  and  unloading  cycles  were  repeated 
once  more.   During  both  the  cycles  the  footing  displacement 
with  time  was  recorded  continuously.   The  results  of  the 
second  loading  cycle  were  used  for  comparison  v.'ith  the 
analysis . 

5.5   Determination  of  Material  Parameters 
Creep  parameters  for  the  analysis  were  obtained  from 
the  triaxial  creep  tests  conducted  on  the  samples  taken  from 
the  footing  test  box.   After  the  strip  footing  test  was 
completed  the  box  was  dismantled  by  unscrewing  the  plates. 
The  cubical  block  of  soil  was  then  cut  into  six  pieces  each 
of  which  was  trimmed  into  a  cylindrical  specimen  approxi- 
mately 1.3  inches  in  diameter  and  2.8  inches  high,   A  soil 
lathe  as  shown  in  Figure  5-4  was  modified  for  this  purpose. 
Confined  creep  and  recovery  tests  were  conducted  under 
different  confining  pressures.   The  strength  of  each  specime- 
was  determined  after  each  creep  test.   The  load  during  the 


Figure  5-4. 


Soil  Lathe  Modified  for 
Trimming  Samples. 


creep  test   was  applied  in  the  same  direction  to  the  sample 
as  in  the  original  footing  tests.   Th«  relation  between 
octahedral  shear  stress  at  failure  and  octahedral  normal 
stress  at  failure,  the  variation  of  a^,  g2  and  g.  with 
stress-strength  ratio  and  the  linear  relation  between 
equivalent  Poisson's  ratio  and  stress-strength  ratio  were 
obtained  from  these  tests.   The  results  are  discussed  Li 
the  next  chapter. 


In  recent  year:;  the  finite  element  method  ha;:  be 
extensively  dealt  wit:  are  (Clough,  I960; 

son,  1963;  Zienkiewlcz  and       ,  1967). 
Lied  to  man.    I  1  mechanics  boundar 

:icated  before.   The  formulation  of  the  method      iffi- 
ciently  general  so  that  it  nay  be  used  f 
stress  and  strain  in  a  with  complex  boundar, 

loading  condition  . 

The  basic  concept  of  the  finite  element  methc-- 
a  continuum  may  be  re:     nted  b 

finite  n     '  of  elements  interconnected  at  the  ele 
nodal  po '  .   .   The  exact 
element  is  approximated  by  fund 
efficients  equal  to  the  nu:  rees  of  freed. 

;  node  points.   The  order  of  the  polynomJ  ed 

so  that  displacements  within  each  of  the  el- 
compatibility  at  the  element  boundaries, 
behavior  of  the  elements,  stiffness 

nodal  point  forces  and  displacements  are  calculated  for 
each  element  using  the  principle  of  mJ    1         al 
energy.   The  stiffness  matrix  for  the  en*. 


[embled  -   .uperi- 
efficient.-,  of  lill- 

placements  In  term.  tlfj 

taking  into  account  the  boundary  condltJ  n  , 

and  the  stiffness  of  each  element.   Th'  - 

brium  Wed  for 

placements  by  a  suitable  numerical  solution  proc- 
ured stresses  and  strain   re  'then  calculat 
the  known  node  point  displacemen' 

The  computer  program         d  for  the  ana. 
strip  footir  on  compacted  cohesive  soil  wa 

modification  of  that  described  by  Wilson  (1 
program  the  stiff     matrix  for  rectangular  e 
obtained  by  combining  the  stiffness  coefficients  of 
four  associated  triangles.   Maj  ere  made 

the  original  program  to  include  the  non-linear' 
dependency  of  the  soil  parameters.   A  .'  he 

modified  computer  program  I    Lven  in  Appe:     A. 

6.2   Idealization  of  the  i         and 
~       Boundary  Condit  1 : :..-~~ 

In  the  present  analysis  square  eler.  n\ 

except  where  triangular  elements  are  : 

transition  between  element  iller  el- 

used  in  zones  of  high  stress  gradient.   Only  one   Llf  of 

the  total  system  was  analyzed  beca,. 


were   symmetric.         Lgure   6- 

v  i  ew   of  the    ■  . 

In  the  laboratory  rooting  test, 
boundary  ian  move  vertical:  , 

possible;  soil  at  the  bottom  t  -ly 

while  no  vertical  movement  can  occur.   Cine- 
corners  cannot  move  in      lirection  they  are  I 

re  is  no  shear  stress  on  the  i         -netry  and  there 
will  be  only  vertical  movement  These  b 

conditions  are  included  in  the  analy  'e  indicated 

schematically  in      i  6-1  by  the  rollers  and  pi. 
at  the  boundaries.   The  rollers  are  intended  to  d 
allowable  movement  parallel  to  the  rolling  plane 

6.3  Method  of  Non-Linear  Ana 
Major  changes  were  made  in  the  <  Lginal  pr. 
Incorporate  the  nonlinear  viscoelastic  behavior  of  cor 
ed  cohesive  soil.   The  inclusion  of  nonlinear 
achieved  by  an  iter     :  method  similar  to  I 
Girijavallabhan  and  Reese  (1968)  ar.      ^an,  et  al,  (1968). 
In  this  approach  each  discrete  element  within  the  ideali. 

ombly  was  considered  as  a  different,  homoge: 
tropic  and  elastic  material  whose  properties  . 
described  by  two  equivalent  elastic  eonstan~  . 
elasticity  E,  and  Poisson'      Lo  v,  both  of  which  de 
on  the  state  of  stre      thin  the  element  and  the  elapsed 
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Figure  6.1  - 


Idealized    Scheme    for    Two    Dimensional 
Finite    Element    Analysis 


time  afl 

.  were  a  '   ' 

particular  i 

■  lui  i  of  the  nonlin<      ,  I 
started  at  zero  I      Howevt  r,  due  to  the 
J(0)=0,  the  initial  time  °-01 

was  necessary  to  assume  initial  values  of  the  eq 
elastic  cor,.  pplylng  the  nece. 

condition;'  and  using  the     med  elastic  constarr  . 

res  es  and  str        the  c 
the  assemblage  were  computed.  '    ned 

constant  during  the  small  incr    '  of  time,  new 
the  stress  dependent  viscoelastic  con.        -re  i 

j-(t)  =  -~^  (jj>  tn  (6-D 

ao 

where 

p-   p-   a  J'  and  n  =  the  viscoelastic  parame' 
B]_»B2»  a*   o 

obtained  from  creep  t  .  :ted  on 

samples  obtained  from  the  f        est 

soil  mas  s ; 
t  =  0.01  minute  . 

J(t)  =   (^'(tj 
^oct'f 

where 


■  ■     i   =   shear  creep 
(t     <. )  r  i  ■•  a   fund  !  on 

OCo   I 

en  octah- 
'  tensile  during  ! 

to  Zfe' 


Then 


wh< 


G  =  1/J(t)  (£- 


G  =  the  equivalent  elastic        lodulu! 
t. 
The  equivalent  roisson's  ratio  v. 

v  =  k  +  kn  [,TT°Ct  ] 

where 

k   and  k.are  constants  obtained  from  creep  tests. 

o      1 

And  so,  the  equivalent  Young's  modulus  for 
increment  is 

:  =  g  I   *  ] 

These  new  equivalent  elastic  constants  were  then  used  to 
evaluate  the  stresses  and  displacements  3      soil 
leading  to  another  set  of  equivalent  e]     ^  part 
The  iteration  proce     is  continued  ui.  rences 

between  the  new  and  the  previous  values  of  elastic  para- 
meters were  less  than  specified  Lties.  When  proper 
convergence  on  the  values  of  E  and  v  were  obtained,  the 


.. 
I       i]      lit . 

I  ii  the  lent  an  in 

i;>        red  el  -re 

rer  the  foot  J 
footing,  while  rigid  foe  ■ 

Ly  imposing  equal  -  arfac.  :er 

the  footing.   The  load-        it  cur-/      .ined  b 
either  a;  i]   Ls  are  essentially  the  sane, 
pattern  under  the  edge  of  the  footi:. 
et.  al.,  1968;  Rad;.    '  ihnan  and      .      ; 
Reese,  1970;  Kinner  and  Ladd,  1970).   In  the      ent 
investigations,  a   '  en  total  load  is  applied 
as  a  step  load  on  a  rigid  foot  in  .  to 

simulate  in  the  analysis.   Since  the  main  objective  of  the 
analysis  was  to  deti     e  the  settlement  of  .g, 

it  was  decided  to  consider  the  strip  footing  as  fie.' 
wit!    iform  pressure  applied  over  the  footir. 

1  effect  of  a  chai 
str-      and  di:  |   icement;   '  hin  the  . 
investif     for  an  earth  embankment  ;id 

foundation  (Clough  and  Woo      .  L960),  and  for  a  - 
footing  resting  on  an  idealized  ela   -  Lastic 
(Hoeg,  et.  al.,  1968).   An  increase  in  Poisson' 
decreases  the  vertical  settlemer.  .  Lzontal 

str     s  are  affected  significantly  by  c: 


1 
for  the  duration  of  t] 

stress  ai  it  paf  .Iter 

apprec      due  to  tl       'ill  ir  f  decr<. 

;nitude.   Hence  a  constarr 
for  a  particular  stress  level  wae     ..med  f  Bis. 

Certain  modifications  have  to  be  made  i:. 
procedure  for  non-linear  finite  el< 
on  the  particular  boundary  value  pr*       The  nu 
:  nv  .  '    Lons  t  hal  ha  re   been  made 
ance,  even  though  they  may  lack  the  a-  I 
valuer  used  in  various  operations. 
finer  mesh  provides  more  accurate  result   I  I  an 
mesh  (Zienkiewicz  and  Cheung,  1967,; 
gained  in  increasing  the  fineness  beycnd  a  cei 
may  not  be  commensurate  with  the  increase  : 
Also,  results  obtained  by  the  rel 
have  shown  good  agreement  with  t 

results  (Girijavallabhan  and  Reese,  1968;  Per".     , 
Generally,  trian      elemem         ed  to 
fineness  of  mesh.   But  Kinner  and  Ladd  (1970) 
that  triangular  elements  adversely  affected  the 
distribution,  and  recommended  that  tr     liar  el       . 
if  used  for  transition  zones  between  elements  o: 
sizes,  should  be  located  as  far  as  possible  from  z      of 


high  str.  f 

(1969)  came  tc  the  con 
Iterations  will  be  required  1 
are  strongly  .     --dependent, 
actically  im]  ain  c< 

Come  LnJ  Lai  run."  were  mad 
to  be  adopted  in  this  pr< 
concluded  1  ha  , 

1.  The  convergence  of  a  coar 
tha     a  fine  1    .• 

2.  The  difference  in  the  vertical  settli 

us  in^  a  fine  mesh  (four  elements  unde:      load) 
and  a  coarse  mesh  (two  elemer.  he  loa 

did  not  exceed  two  per  cent  for 
value   prol  .     analyze  .  ; 

3.  Even  wh  once  was  not  c  ter 
about  six  iterations,  the  vertical  displae- 
for  successive  c;  1    did  not  al:  1 

one  per  cent; 

*i .      The  nonconvergence  was  due  to  a  J 

generally  one  or  two,  where  the  modulus 
converged  very  slowly,  oscillating  be1 
values ; 

5.   It  is  found  that  most  of  the  elements  did  not  chow 
any  significant  difference  between  successive 
moduli  after  five  to  six  iteration. . 


ed  or, 
.     i   aim  In   the 
di£  |  merit    of   the    f< 

adopted.      It   w 
when   the   difference   bet;. 

ten  per  cent  of  the  initial  modulu.  .   It 
out  that  this  large  value  w 

■y  few  elements  where  the  differenci 
moduli  remained  large  after  a  few  ite       i 
elements  did  not  show  arc- 
five  to  six  iterations. 

Poisson's  ratio  was  chosen  > 

the  program  was  stopped  after  eight  iteration, 
when  the  differ     between  cue.    Lve  ver-  '         .  aee- 
ments  was  generally  le    than  one  per  cei  rse 

mesl  .  is  used  in  the  non-linear  visccelastic  ;       .  _ 

lile  the  fine  mesh  was  used  to  check  the 
a  nonlinear  e]    Lc  pre/    .  vrenc-. 

was  less  than  two  per  cent. 

6.4   Extension  to  He. 
Non-linear  viscoela     boundary  value  proble 
been  solved  by  either  a  stepwise  incr- 
(Zienkiewicz,  et.  al.,  1968;  Greer.  -, 

1968)  or  using  the  correspondence  principle  a 
the  solution  to  the  tJ     lane  by  ..  Lng 


tion  the  incr' 

procedure  simj   r  to  the  qu 
<  >ed. 

In  the  stepwise  Incremental  method  (jZ 
al.,  1968)  the  non-linear  elastic  solul 
time  t=0  by  either  an  iterative  method  or  an  I 
method.   Asi     g  that  the  and  the  init '      ilva- 

lent  elastic  parameters  remain  unchanged  during  a 
time  interval  At,  the  creep  strain  ec,  at  th 
interval  the  properties  are  assumed  to  c 
Now  considering  ec,  as  an  imposed  initial  strain, 
elastic  problem  is  solved  again,  r< 
system  (c),.   Assuming  again  thai 

and  material  properties  remain  constant  during  the 
interval  of  time,  the  total  creep  strain  at  the  end  of 
this  interval  is  found  ecv   Thi   •  .  eeaure  is  carried  on 
to  the  time  for  which  the  .     Lon  i:  needed. 
obvious  that  the  errors  involved  in  this  111 

be  extremely  small  for  infinitesimal  time  interval.  . 

In  the  present  ana:        is  assumed  that  1 
change  induced  by  the  creep  deformation 
val  At  is  not  large  enough  to  significantly  afl     the 
value  of  the  elastic  parameter  is 

valid  for  linear  viscoelastic  materials;  it  is  know 
for  a  homogeneous  material  with  1  Lme-independen1        *s 


Lo,  no  c 

1. ;  me-  I  :<'!■  j  i  nden  .   '.■■  ) . 

1n  the  pi 

Pi  '.L'son',      o  for  t!.  d  coh* 

to  be  appr<      ely  indepe:.  il 

properties  are  dependent  on  the  je 

the  asi  umption  is  not  strictly  valid. 
error  will  be  introduced  in  the  ana      due  to  I 
i  lamp  t  ion. 

The  procedure  followed  in  the  finite  elene. 
was:  the  induced  s1  r    s  and  strain:;  due  to  the 
taneously  applied  loads  were  determined  at  time  t  = 
minute.   Then  the  tj     'is  increased  to  0.1  minute  and  the 
material  properties  were  assumed  to  change  abrup*  -  .   With 
the  strain  at  0.01  minute  as  the  initial  imposed 
and  the  new  material  prope;     .  the  problc  ?d 

by  use  of  an  iterative  technique,     "n  the  initial 
elastic  solution.   In  a  similar  way,      solutions  were 
obtained  at  time  t  =  1,  10,  and  100  minutes .        .me 
intervals  0.01,  0.1,  1.0,  10  and  100  mi     i  were 
since  the  creep  compliance  for  the  compacted  cohesive 
soil  is  a  power  function  of  time. 

6.5   Material  Characterization  for  A: 
The  static  compaction  used  for  pre:  lal 

in  the  strip  footing  test       .iuce  initial  residual  stresses 


Ln  thi   tompacted  o  An  estimaT 

ai  bo  bhi  ;  '■   Lnf] 
for  the  ana 

'he  con: 
Ldual        3  in  the  soil 
i;  released  ( I  rooker  and  Ireland,    ■  ; 
1970).   The  distribution  of  residual         111  va 
depth  and  is  likely  to  be  much  smaller  in  1 
of  the  soil  mass  than      :>me  depth.   The  influence 
confining  stresses  is  much  greater 

ratios  than  for  small  values,  as  indicate       apter  **. 
In  the  footing  test,  the  stress- 
induced  by  the  applied  loads  are  -  loaded 
surface;  but  the  magnitude  of  residual  stresses 
In  the  lower  portion  of  the  soil      the  initial 
will  be  larger  in  relation  to  the  induced  oqc    j 
contribution  to  the  total  settlement 
soil  mass  is  small.   In  the  experiment  descrite  . 
cent  of  the  settlement  occurred  in  the  top  one 
the  soil  mass.   Hence  the  initial  residual  were 
not  included  in  the  anal   '  ;  the  compacted  cohesive 
was  assumed  to  be  as  an  initially  unstressed  bou 

Grundite  was  used  for  conduct  I     he  fo 
e  moisture  content  used  was  one  per  cent  les     ian 
optimum  moisture  content  obtained  for  standard  Proc 
compaction.   Figure  6-2  indicates  the  va. 
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Figure  6.2 -Effect   of   Octahedral    Normal    Stress 
on    Failure    Strength    for    Grundite 


wi  th  od  stress  fo 

out    of   the    fo< 

env    Lo]       for  the 

Lnterc<  pt  Logram 

the   angle    o 

Terzaghi  equation,  the  ultimate  I       c:apac  '  nd 

to  be  25. 0  kilogr    pei 

load  during  the  test  was  9  ki] 

Hence  the  factor  of  safety  was  about  2.7  , 

'  -are  C-k    '  'he  effect  of 

ratio  on  creep  parameter.',  fo:'     .:ite. 
creep  recovery  curve  used  for  det  he  ma; 

of  the  shift  factors  aQ  and  Pigur* 

The  valuer  of  g   and  J'  were  then  obtained  f  re . 
6-^  using  the  equation 

1   3;    2/2   oct    2/2   an    o  1 

o 

Figure  6-6       the  nonlinear  viscoe. 

k„  and  a   as  a  function  of  th- 

L 1 >  '  .       a 

The  data  from  Figures  6-6  and  6-2  were  used  1 
the  material  for  the  finite  element  analysis  of 
ing  test.   The  variation  of  equivalent  Poisson's 
taken  to  be  linear  with  stre.  s-st]         tic  as  1 
Equation  6-4,  while  n  was  the  . 


<D 


—^ 

"O 

E 

c 

3 

u 

k_ 

CD 

X. 

^_ 

Ul 

o 

01 

*+- 

<x> 

k_ 

-•— 

(/) 

0> 

Q. 

"6 

O 

E 

<v 

l. 

> 

o 

c 

2 

LU 

<D 

_ 

3 

'5 

Li_ 

ro 

u? 

d> 

~ 

^ 

ct 

ulid/ by    ssajjs     Joags 


0.4 


0.2 


0.0 


n      0.05 


1.2 


.0 


0.8 


0.6  - 


0.4  - 


0.2 


•Qh 


-o- 


-o- 


Static   Compaction  -  10.54  Kg/cm 

Trimmed    Samples 

W-  18.2  % 

a,  •  0,  I  Kg /cm 


0.0 


0.0 


0.2  0.4  0.6  0.8 

(T0ct)/(T0Ct)f 


Figure  6.4- Effect   of   Stress -Strength    Ratio   on 
Creep    Parameters    for    Grundite 
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linear  Viscoelastic   Parameters   for  Grundite 


6.  6 
Lgure  6-1    ..  ■  ■' 

footini     ■ 

predicted  response  obtained  from  the  finite  elem 
ana  Lysis  ■ 

di.     ement  is  the  same        predicte 
ment,  and  the  predicted  v  acemen 

closely  with  the  actual  measured  response. 
pointed  out  th;       Lai  residual  stre     are  neglected 
in  the  analysis.   A]  o  the  exact  relation  between  g,, 
and  the  logari I         and       -         ratio 
known  and  a  linear  relation  has  been  used.  nd 

t  the  ratio  between  the  octahedral  shear- 
octahedral  shear  stress  at  failure  wa. 
all  the  elemenl  . 

i  .  alts  suggest  that  the  proposed  non-line  i 
scoelastii   '  aractei  proximatel; 

:  i.eral  stress  con-: 
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7.   CONCLUS 

7.1   Concl'- 
From  the  results  d  the  precedli 

the  following  conclusion  cree; 

of  compacted  clays  of  the  '  ed  are  dra 

1.   V/hen  a  compacted  cla;  i  to  a 

of  load  and  unload  cycles  of  . 
difference  in  response  between  the  second  and 
cycle.      .uch  less  than  between  the  I        3   c-cond 
cycles.   For  second  and  .     ;uent  loadir.   ,  the  nu 
behavior  of  compacted  clay  can  be  described  by  a  non- 
linear viscoelastic  constitutive  re  ,-d  upc 
principles  of  irreversible  thermodynamic.  . 

a.  Non-linear  effects  can  be  accounted  foi 
time-independent  j 

of  the  stress-strength  ratio,  i.  .. 
ratio  between  octahedral  shear  stre 
octahedral  shear  stress  at  failure  corre  - 
ponding  to  the  ex:  .edral 

si  rev  . 

b.  A  power-law  represe:.     n  is  valid  to 
represent  time-dependent  effect.  . 


•  - 

CO 

d.   The 

independent  of 

provided  the  c 

that  the  effe  :1 

applied  tot 

requirement  will  b< 

tion  moisture  contenl 

and  the  confining  pressure  is  le 

8  kg/cm  . 
The  applicabilH       ie  constitutive  r 
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3.  ADDITIONAL  INFORMATION 
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specified  number  of  iterations.   Similar  facility  is  avalla- 
for  each  time  increment. 
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COMMON     NUI>  N     •  '         • .'■■.'  .  .'.  . 

1HFD.    El  1  .8.^0^  i  .poi^no)  tX>NN'  12)tR(5001  »Z  '  J  >01  .w^isOO)  tu2i5C.'.    . 
?    CODF(500)  »TC>00)  t  IBCJ500)  tJNCI  500)  tPR  •  •  I  <•  > 

COMMOf      /APT,/     RRRI5)  ,ZZZ(  5)  t9(  ]0.10)  >P(  ]()>  «TT(4)  *IM     ■      •  ■         • 

1  HH(6tlO) «RR(4) »Z/(4) tCI4t4) .H(6tlf      .•..-..  . 

2  tEE<7)»IX(700*5)»FPS(7CC     tAW   ><7C0)tSlGUOI 
COMMON     /HANAP'./     MBAN     iN    "  'L"f  »BI  108)  »AI  108t5*> 
COMMON/PI   ANh /NPP 

COMMON      hXXOOO)  •  POISMOYl 

COMMON        T  I  Mf- 
C 
C        PFAP     INITIAL        PAPAMFTF  o  <", 


C 


50  RF  API  S.  100n  )  HFP.NUMNP.NUME  L  .NUMMAT  »N  Ml   .'     '.'      .  ..'   • 

WP  I  TF  (6  .;aao  )hFO.NiimnP.N,-VFl.Ni,v,-,At  .       .■      .      .,  . 

IFINPP)     5<t»56t5<t 
5<t     WR  I  1  F  I  IS.^OOR  ) 
5  6    00*91*1=]  .niiwmat 

RO(M)=    0.0 

E  (  1  *  1 1 M  ]     =    2  5  •  0 

Ft  1  .?  .Ml     =     in--,- 

E( 1  i3*M)     =    0.13 

E  <  1  *  4t  M )     =    Ell.?.") 

F ( 1 .s ,m )    =    E( 1 i3»M) 

Et 1 »6«M)     =    0.0 

EI1.7.M)     =    3.0 
*Q       CONTINUF 

NUMTC    =     1 

MTYPF     =     NUMMAT 


C 

C  RFAD     AND    PRINT     OF     NOnAL     P^INT     DATA 

c 

WR  I  TF  I  fc  i'20O4  ) 

L  =  o 
60     RFADI*.  100?  )       :  •  '  N  )  .  R  I  N  )  .  7  I  '.  )  .      -      N     .      "     M.TIM 

NL=L+1 

ZX=N-L 
70    L  =  L  +  1 

DR= (R(N)-PI L) ) /ZX 

D7=<7 (Nl-Z I L) ) /Z< 

DT= I  TIN )-T I L )  > /ZX 

IF(N-L)     100. SO. 80 
80    CO^FIl ) =0.0 

R( L ) =R( l-l )+0P 

7(  I  >=.7  I  L-l  |4     ! 

UR(L)=U.P 

UZ (L)=0.0 


T ( L)'T(L-l) •     I 
r,o    ro    ' 
90    wpjif    (6ti0021     (K»CnOFIK|fR(K|»ZII     i         ■     .  .... 

IF (NUMNP-N) I       .  .  :     ,' 
IOC    WB!TF(6  »?(  'V.  i  n 

call   »•  x  i  r 

L10    CON  I  tN 
C 
C  RFAO    AND    PRINT     I  L>MrHT  |  |  f  c, 

C 

W  P  I  T  F  (  6  ,  2 '       1  i 
N-o 

i  ?n  pfmii^,  mo?  i  m,  i rx(M,j  j»i"i»5i 

1  4  o    rvj  =  n  + 1 

IF    (m-n )     170,1 7    ,  ]  so 
150    IXINtl )>!X(N-1 «1 )+] 

IXIN,2 ) =IX (N-l »? )+] 

[X(N.3)=IX(N-1  .^)  +  l 

IX(Nt4)*IX(N-l#4)+] 

IXfN.S)   r  J   x (N-l    |S| 

170  WITF  (6»?0031  N»(  IXINtl  )  1 1-1  ,5) 

IF  IM-N1  1  no,!  h",  i<,o 
180  IF  (numcl-N)  1  90,  no,  |  io 
190  CONTINHF 
C 

C      RFAD  AND  PPINT  OF  PPrsMjRF  BOUNDARY  COND  I  T  [  -. 
C 

IF  (NHMPC  )2oo,T]n,,'oo 
29   WPITFI6,?<   5) 
DO  )00l  --!.•]'  "-'"C 

READ(5.1004 > IBC<L>  »JRC(L) »PR(L) 
300  WRITE(6.?1'07)  IB.  IL  )  ,  JQC(L)  .J«(L) 
310  CONTINUE 
C 

C       DETERMINE  RAND  WIDTH 
C 

J=0 

no  340  N= 1 .NUMEL 

DO  34 »  [=1*4 

DO  325  L=l,4 

KK=lABS(  IXiNt  I  l-rx"(N,LJ  1 

IF  (KK.-J)   325   (325  , 
320  J=k-k 
325  CONTINUE 
340  CONTINUE 

MRAND=2»J*2 
WPITF  (6*2012)  Mn»fr 
201  2  FORMAT  (  ;  I?  I 
C 

SOLVE  N ON- LINEAR   rRUCTURE  PY  SUCCFSSIVF  apdrOx:-  j 

DO  350  N=1»NUM 

350  po«;(N)=o.n 
C 

TIME  =  0.01 
362  K     =  1 
KKK  =  1 
360  CONTINUE 
C      FORM  STIKFNE^S  matrix 
CALL  STIFF 
WRITF  (6*201^1  NUMRlK 


2013    K'PMMI  15) 
LVI 
CALL    PINSOl 
WPITFC.  .  •N-l).'  •'•     • 

c 
c 

C  COMPtlTI      '.To: 

I    I  |  !('!'■ 

WRHF     (  f>.  1  1  ) 
] 1     FORMAT      (1H1 I 

WRI  IF     16.500?)   "TIME 
■SOu?    FOPMAT     (6HT1M1      ..F14.BJ 

IF  (TIME. GT.     >.oi)    GO    TO    460 
IF  (K .)     ')25.52f  .'.SO 
S50    K  =  0 

C  CHECK   FOR   CONVERGEN         YOUNG'S  MODULUS  A'.       =-0*5 

c 

DO  510  M=l  .NUMMAT 
CORFF  =  0.1  •  E( 1 .2.M) 

I  f  (  ars(  f;;x  (Ml  -E(1.?.M))«  GT.  CORFF  )  r«r*l 

Fil,?,M)  =  I  F  (  1  ,  ?  .  M 1  +  E  X  X_(M ) )_/  2  * 

E  (  1  .  4  i  M  )  ■  E  (  1  •  2  .  M  I 

IF  <ARS(PO[S(M)  -  FM.3.MI).  GT.  r.'"2e)  •-•• 

EI 1.3.M1  =  POI S( M) 

5  ro   f.  i  i .  s .  m  i  =  e  i  i .  ) .  m  i 

KKK  =  KKK+) 

WRI  TF  (  6.80]  II  K.KK 
(1011  FORMAT  <rH  IC  tr  <  =  *  I  =>  ) 

IF  (KICK-  5)  B017. 8012.525 
flOl?  CONTINUE 

GO  TO  3  60 
C 

460  IF(K)  b25.525.5Si 
551  c  =  0 

DO  411  M=  1  .NUMMAT 

CORFF  =  0.05  ♦  F ( 1 .2 .Ml 

IF(ARS(FXX(M)  -E  (  1  .?  .'Ml  I  .    "  •  ■   ■  -  . 

E( 1  .2. Ml  -    Fxx (V) 

E( 1  ,4. Ml  =  F( 1 »2»M) 

IF  I ABS ( PO" I S ( M )  -  F ( 1 . 3  »M ) I .  GT .  " .      •  ■  * ' 

E  (  1  .  3  .  '1 )  =  PO  I  S « M ) 
All  E  (  1  »*•  .M  )  =  E(  1  »3«M) 

KKf-     KKX-t-  1 

GO  TO  360 
C   TIME  INCRt7M("NT 
C 


(525  TJMF  a  10.  «TIwp 

IF  (TIMF.  GT.  100.0)  GO  TO  625 

GO   TO   36? 
625  GO  TO  50 

C 

C       READING  FORMAT 


C 


0  FORMAT  (1A6/4I5»3F10.2_»2|5  ) 

1001  FORMAT  (2I5.1F10.61 

1002  FORMAT  (  I5»F5.0»2F10«4»2F10.4»F10.* 

10  3  FORMAT  (6!^) 

1004  FORMAT  (215,  F10.?) 

1005  FORMAT  (&F10.2.F10.6.2F10.2) 


'. 


f       WP  I  !  !  M'      FORMAT 
C 
7000     FORMAT      I1H1         1  Aft/ 

1     ?QH0    NUMPFR    OF    I  POINTS :?/ 

?    ?onn    NtJMPFR    nf    m     ■•    ■  :  •>  / 

•}    ?9H(1    Ni  IMHI  i-      il     '.  r '  i  .    •••'  •  \%t 

u    pom',    NUMRI  R    0*     PR|  -  13/ 

<S    ?oh0    v-Arri  LFRATION  .  <•  / 

ft    ?ohc    X-ACCFt.FRATtON  M?.*./ 

7    ?omo    RETERANCE    TEMPPATUPI  F  12.^./ 

P      ?0H0     MUMPER      OF      AI'POOX  |M/i  1   \t  •  [  "1  ) 

?0')]  FORMAT  (49M1FLEMFNT  NO.       I       J      t 
70U?  FORMAT   [  Il?.Fl?»?t?Fl?i   .     '•.'.r12.?l 
20O1  FOPMAT   I  1  I  1  )  ...  I  ft,  1  I  1  2) 
?00u    FORMAT  I3  1?H1N00AI  poin!      TyPI   X-OF 

1 x  loao  or  oi 5P1 ACEMFN1   y  i  •  ■  • 

POOS  FORMAT  ( 79H0PRFSSURF.  ^oijnP"y  CONDITION*/  ?4H  por^$uR 

If    ) 
?00ft  FORMAT!  1  PHI  N. P.  NUMBFR  1»x  ?HUX  1QY  7muy  /  (  !  M  7  »  7  f.  ?0  .  T  )  ) 
20U7  FOPMAT  I  7  I  ft.F  1  ,'.  J) 
20UR  FORMAT  (23Hf,PLANf  STRAIN  STRU<"TllRF  ) 

2009  FORMAT ( 26H  NODAL  POINT  CARD  fPPOP  N=  I  *•  I 

2010  FORMAT!  l^HO   TtMPtRAU'RF  \0X     ftHF(C)   Q<  ftHN'i       1  1  >   - 

1  10X  5HG/H?   10X  ih»lTH4    t>  6HSTRESS    /  M   •  •-    • 
7011  FORMAT ( 1 7HTMATFRI U  NUMBER"  !  ■> .  30Hi  NUMRfR      ■  .  y-oco  nvp 
1  n.  15Hi  mac,c,  [)FNMTv  =  F12.<<  ) 
FNn 


MM':/'  ii  riNI       r   MM 

•  "       •  '   •  ,  ,  ,  ....  "  .  ... 

1HF0,    P(  l,B,Si         .  ,..■•,;,-■. 

p    r-M<r  (  «  ',r  |,  T  I  c  f  n  I  ,  for  unn  |  .  '  ,  .•  (41 

r '/        '  I*  I .722  '  c  1  .'  '  '     •  •  . ■  '     .     . 

I       "'"'    •  10)  .  '     ■   I   ,7  .'  ft,   )   ,<■(!.  ,'. 

?    .<">  (  7)  .  I  a  (  J       .     ;  .       •  (  70  •))  ,••;  ao'   ' 

COMMON     /RAN)  •       -     •■.,-■       ,1       ■  .    ,  ■      f  ;,  A  /•-(-,■■  , 

i/i'i  ANE  " 


) 


•SO 


6  0 


65 

70 

B 

9 


1^? 


1*0 


16  ) 

16? 

1  ^6 


I M  TTTAI   1 7 AT  ION 

-21 

ND»2»Nfi 

ND2=?»ND 

STOP«0.0 

NUMBl  ►"  =0 

no^:>    m=  1  ,tn? 

R  (  n  I  r     . 

D("l«i    Ms]  ,  |D 

AfN»M)=0»0 

Foot/     UIFFuFC^    MATP|>     IN    «'    "     •   ' 

Nl  1MB)  K  =  Nl  IMR|  v  ♦  1 

NH=NR« ( NUMRLK ♦ 1 ) 

NM=NH-NB 

NL=NM-NR+] 

If  SHlFT=?»NI   -2 

r 'i .->  1  0    N=  ]  ,NI  IMF  ' 

IFUX«N«D)>21   1  •  2 10  «65 

no  Rf1    1  =  1 , a 

IF  (  iv  i  -j,  1  l  — Nl  )  «^,70.7r 

IF(  IXtNiI  )  -NM)  9'itQD.HO 

CONT  1  ■:     ' 

fin.    To    21fl 

CALL    01    ' 

[XIN,*)  =  — I  X  <  M •  5  I 
IF (VOL  I  14?, 14?  ,144 
WRITFJI6, 20031    N 

?TOD=l . 

[F( IX(N«3i-IX(N«4) 1     1457165,145 

po    IV    I  I  =1  ,0 

CC=S(  II  ,101  /M  10,101 
Pi  I  I  l=D (  II  l-CC*P« 10) 
DO     150     JJ= 1  .0 

s(  r  t  «jj)=si n ,jji-cc»suo»jji 

do  160  n  =  i»a 

CC*S(  1 1  .9  1/5.  (9,9) 
PI  [  I  )=P{ I  1  >-CC»P(9 ) 

00  16^    Jj=i  .« 

S<  1 1  tJJ)  =S«  I  I  ,JJ)-cr»M9  . 

Aon  FLFMF/N7  <.TIFFNF<;c,  jo  TOTAL  ST  I  ff«;f<;c 

no  lft6  !  =  i  .a 

L*-'(  I  )  =2  »  I  X  (N,  1  )-? 

no  20P  1=1,4 

do  ?oo  r=i ,? 

1  I  =LM(  I  )+r_KSH[FT 
K.K«2»I-2+t 


B(  I 1  )       I  M  )*PtKr  ) 

rm  ]  ,(. 

no    70'      i   »  i  ,  ■) 

I     l-l    "  |      I  )   41     -   I    I    4   1    -. 
II     ■?»     I-   ?4  I 
I"     I     Ml  . 

175    IF  (NO-  JjneOi     '    .  .  <f 

'  rnp» i . 
GO    to    2\n 

1    ' '      A  I  [  I  .   M  )  -  r.  (  |  I  .    M  I  .  '  I  •■  *  . 

I     r  i-  >  i  •  |  ■ 

?]   CANT  IN 
C  '   FN  TP  AT  El)  FORCE  WITH  M 

IV'  ■      ■   i    .  MM 

Ks2»N-*SIIIFT 

I  r     i  ■   -  •     ■••■     i.i ,  ?u<* 

?4fl    UP(N)=     . 

II  •  I  •  |  I      =     n ,  " 

?1>Q     B  I  *-   I       :       R  (  If  )       <•      II 7  I  N  I 

R  |   •    -  1    )  R|  <-l   ]      4-      IIP(M 

60     1     FOPMA1     I2I5.2F14, 

250    CON  I !' 
C  ROiimdafvy    CONDITIONS 

r  i,    npfcnor    R.f 

IFINIJMi       I2A0.3]     .     • 
?f,n    no    ^00    l  =  1  .NUMPC 
1  =  IBCI L  ) 
1=   IHC  (  I    I 

DPrPQ  |  I     )    /(.   .0 

D7=  {  7 ( I >-Z  «    ili'PP 
np=  id  1 1  -pi  i  i  t  »pp 

PX=2.0*R(  I  I  4-5  (  j) 
7X=R( I )+2.0»R(    'I 

IF  (  ».nn)     ?fsT  ,  ?<,/,  ,  ->*.? 

?fy?   'PX=3. 

7X  =  3, 
?f,4     I  I=2«I-ICSHIf 

.1  i  =  2»J-k  SHIFT 

IF(II)     280,28     •     - 
?fc5     If ,  I  |_N0 |     ?7n,27n.2sr 

s  I  m  A  =  o  ■  n 
Co«;Ani  ,n 

IF  (■'  r<nf  (  i  )  )     ?7]  .272,272 
771     SlNAeJ  iNICOOFI  I  I  ) 

fO<:«=f1<;(C^f    (    I    )    ) 

?72    PI  I  I-I  l=h(II-i  l+RX»(COSA*DZ+S!NA« 

PtIII=H(II)-Rx»(SlNA»P7-Cn^"* 

?  fl  n    i^uj)    300,100, 785 

7  °  *     I  c  ( . M - "; n  i     790*290,100 

?Q0     STMA=0.0 

Co<;a»1  .0 

IF  (CO0F  I   Hi     79]  ,  ->o?,  797 

791     SINAs* I N (fonF |j) ) 

COSA=cosicoDE  u)  , 
79?    BIJJ-1 )=B( JJ-1 )+ZX*(C0SA»DZ    *SINA* 
a  1  JJ  1  r'<  (    IJ>-ZX*>(SlNA*OZ-C 

-.     -    CONTINUE 

7,    11  spj  ACEMENT        HINDARN        ■•  -  ■  - 

1  '    »     00     ftOO     MrM    ,NH 

IF     (M-NIIMNP)     315.31S.AC 


315    U    UR.IMJ 

N«?»M-1  -rn|FI 

I  I         l< ■       ,  If     If     I    ! 

3 1  <     II      (CODE  ( M )  - 1 .  I     317.1 

■■17     IF      (  ■    i  I  •  |  -  ."• .  )      J 1 A , 

I  I "     IP      i  r . .  ,  i   i  ■  •  i  -  ■  .  I     ?  9  0 1 

37       C  A  L I      "    '    I  I    1  '  '  1 '    •  •         •    '     '  '       •  '    • 
Rfl     TO     :, 

IP"    f«L!      MODIFY! A,Btl         •  >Ni 

)90    U'UZ (M) 

N»N  +  1 

CA|_l     MODIFY! A.M.'      ),M     '  •      iNtUJ 

W  in    comT  [  mi  if 

'jniir     "|   nC*     or     FOIIA1  '  "     TAPF     II 

wo  1  rr     I  ?)     f  !•  (  •■  1  .  1  A  i  ■  ,••>  ,••-  1  ,MRA«  '      .  • 

Dn    4?0    M']  ,ND 

Katy+NI 

B  ( N  )  *  R  I  K  ) 

B  (  K  )  =  0  .  0 

no    /, ?r,    M=l  ,'| 

A(M,M)=A(K,M) 
A?n    a  1  ir  tM  )  =n.  n 

CHFCK    f-oP    LAST    ('Lor* 

IFIMM-NUMNPI     ^ri./.pn.tpi 
fcR'^    CnKjTINHF 

IF  (STOP]     i>in.^'  ,'.on 
UQO     CALl     FXIT 
50   I     OFTHRN 


?0«     FOPMfiT(  gftHONlTGA'T  I  VP     APCA     FLFMFNT     N".      J  u  ) 

?00«     FOBMATt  ?<JHnRA»«0    WIDTH    EXCEEDS    All^wARlF     It) 

r -in 


Ifl 

■'        .         IFL  i .  ,  .      .  .         ■     .  ■•  ... 

IHFDi  >b,  I  tl      •  ■        ■  . '  '  ■■•.  .  . 

■    ■     101   I       l     |  .  '  |||  . 

*MON     /-■  ■■■  ''.),///  I  '  i  .     i        .  .  .  ilfLMIOi  .  I  I  . 

1     mil  6  1 101  »RR(  <*  I  •/.'  i  u  i  .:  (  u  ,  >.  i  ,mi  *, ,  l  <  i|  . 
?.FE(7).IX(7       .       .  .  ■  •     ■ 

MMON    /HA'i'i:'    /  .         • 

COMMriM/P|  ANF/l 


I  ] 


"iLK'4 


P.  4 


'  -  I  *  IN. 
J«  IXINi 
K  =  IXIN. 
L-  I  X (Nt 
FORM  . 
TFMP-I T 
DO  10S 

El    IKK) 
TFMP 

Fl   (1  )=E 

"All 

If     '  ' 
xx  =  t  F  <  1 
YY=FP( ? 
27^  Fl  ) 

COMM=// 


H6 


<  I  1 
C(  1 
C(  1 
CI  3 
(  (  3 
CI  1 
CI  ? 
CI  ? 
CI  ? 
CIA 

l,n 

C(  1 
CI  1 
C(  1 
CI  ? 
CI  ? 
CI  2 

:  i  ! 

CI  3 

CI  3 
Call 


flfl 

no 


.11  = 
.?)  = 

.31  = 

.1)  = 

.71  = 
i3)  = 

.11  = 
.?  I 

•  31- 

.41  = 

i    '    B 

•  1  I 

.-<>  = 
.1)  = 

.?)  = 
.^)  = 
.11  = 
.?)  - 

»3)  = 

SY 


89 

'11 


DO    110 

T  T  I  M  )  =  I 

FORM  OU 
RRR(5)= 
ZZ2I5>= 

DO  94 'M 
MM=1XIN 

IF INPPI 
IF (9 (MM 
RIM")     s 


1  ) 
?1 

1) 

4  ) 

IRE 

I  I  ) 
I  I 

-  I 
MP- 

i  i  ! 
in 
)  f- 
)  /k 
)  /'  ( 
I  /  i 
/  (  « 
" 
" 
0.0 
O.l 

.  I 
I. 

I  iM 

. 

.'• 
P 

1.0 
-FC 
-rF 
C(  1 
CI  1 

I  I 

CI  1 
CI? 

Ml  N 
EL*  I 
M=1 

CIM 
ADR 
(Rl 
12  ( 
=  1. 
.'•' ) 

)  ) 
.01 


+  T 
1  . 
I 

n 
I 

»F 
u  . 
■ 

1  . 
■■  - 
•  •  » 


;  ■.  •    hip 

i   I )  +  T  I  X  )  ♦  T  ( I   |  )  / ..  . 

1  .KX  +  l  ,        N     | 


14.8) 
P6.84 

3  ) 

-  F  |       Ml 

0-EI 

•  Y»  »  ?  I 

XX 

YY 


M.  Y  V 


•;;/ixx«vv) 


i  2  i 

I  4  I 
,?) 

.  1    ) 

,  3  ) 
.  5  ) 
.  i  I 

■ 
VIC 

1 )/ 

.4 

.)  I 

I  '.A 
I  I* 
I   )  + 

4 


I   1   ) 

■ 


I    M 

.31 

.     •        121  ) 

»FE(5)4C(M»3)»F     I  ft )  ) « 1 
r  E  R  A t     S  T  I  F  F Nl  MA  1 

RIJ>+'( >  l+RIL) * /*« 

i  ij )  ♦ z  ( ►  i  *  ;  i  l  >  i  •■  4 .  o 


.89,9= 

9  3 ,  -■ :  . 

•  RRR I  *  ) 


IF        I 

COOl   (MM  1  =  1  . ' 

RRR(M)*R(MM) 

".    Z22  (M)  'ZJMMI 
I  I«l .1 

P(  I  I  )  -     . 

DO    *>5    JJ»lf6 
<5S    HHIJJt  I  I  >»0, 

DO    100    JJ--  I  .  1 
10U    S(  I  I  tJ  1  )-     . 

DO    1  1 V     11  =  1,'. 

J  J  c  1  x  (  N  ♦  I  I  ) 
119  ANGLE!  I  1  )  *CODE  (JJ»/«i7.3 

IF  (»  -|  )  \?^,   1  ?0.  1  "■ 
\? J  CALL  TRISTflli?i'l 

RPD(S)  =  (TPPI  1  l+PPP  (  ->  l+RRPI  -\  )  ) 

ZZZ(5)=(ZZZ(lt+ZZZ(?)*Z7ZI  III 

VOL=Xl I  1  ) 
GO  TO  130 
125  VCL=0.o 

CALL  T7ISTF(4»1»51 
VOL  =  VOL  +  XI  (  1  » 
CALL  TRISTFI 1.2 »5) 
VOL  =  VOL+X ! f 1  ) 
CALL  IP  I  5TFI  ?«3»5.) 
VOL=VOL+XI  I  1  ) 
CALL  rRlSTF<3»*«5) 
VOL=VOL+Xl ( 1 ) 
DO  UO  11  =  1,6 
DO  140  JJ=1 ,10 

140   HH|  I  I  , JJ1  =MH(  I  I  , JJ1 
13   RETURN 
END 


'•'        ;       '  !    :    •  "    '  ,«.        |[yo     tlfvDI    .r    .HP. 

'  ' 

,M[|1,     ,,!,-.  .  •  '  '  '  '" 

■  :  •  '  ",l 



, .2/1*1.         •  •     •         • 

2  ,Ff  (7)  tixn     •     •  •  '  ' 

MMON/PLANE/N 

c       .    

(.  1  .     IN  I  I  I  A  l   I  /a- 

LM( 1 )>I I 
LM I  2  J ■  >  > 
L  M  (  3  )  »  <  ( 

pp  I  1  i     ■■'  •   i  I  I  ) 

RR  (   ->  )   .|{RH  I     III 
RR(  3)       ■  I   '    I  •   • 
RR(<t)  =  RRR  (III 

■  ■  I  ] )-,'//( 1 1 ) 

//(.')  :.•  ■  (  j  )i 
ZZ(3)=Z2Zeo  I 
ZZ(4)sZZZ(IIl 

A  5     DO     10         1  =  1.- 
DO    90     J  =  ft  1 0 

I     I    '    .  .!  1 

H  (  I  •  J 1  =     • 
DO     1     0     J=l»6 
100    D<  I  .J>  ■     • 
C  3.    I  ORM     INT-    ,RAI  (    »»T»ICI»IGI 

CALL     INTt-R     I  xl  iRR.  22  I 
D(2»6)=XI«l)*«CUi2J+CI?»3n 
D( 3.S)     Xlll)*CI4»*> 
D(5»5J=XI  t  1  )  *C  I  *»  •<»  1 
D(6»6J  =  XrU>*C(  ' »  2  I 
I  f.  (  npc  )      1  04  1 1     •  • 
1  u *    D(2t2)  =  XKt)*C(l.ll 
D(3»3)=Xlll)*C<4,4) 

GO     TO     100 
1     f,    D(1»1>=X1  C*>»C(3»3) 

D(lt2)=Xl (2)*(Ctl.3)+C     (3.3)1 

D(1»3J  =  X1<5>«     I  1 .  3  ) 

MTYPF=  I  X(N«'il 

D( l»6)=Xi(2)*C(2»3) 

(?,2)=Xl(l)*(C(l.m     •     '  •       '        ■ '  ' " 

D(?,3)=XI(4)»(C(1»3)+C(3»3)1 
D(3,3)=XI(6)»C13»3)+XHU*<-C4,*I 

D(3»6)=XI (4  )♦(".(  2  .3  I 

1  j8    DO     11        1  =  1 »6 
1  1 ! '    J  =  I  .  6 

C     H       "1'VoRv  '  NT       DISPLA 

coMM=RR(i  i»uzm-zzcin*R»m»<  !         -    fnn  RR«i   • 

DPI  1  ,1  l=<RRC2)«2  "  -     ' 

DD(1.2)  =  (RRI3)»Z2m-RRCl)*ZZ«311  X0MM 

DD(1.3)=(RRI1)*22     ~'-7 
DD(2.1>=tZ7(2)-7?«3)1 

[2,2)=<ZZ(3)-ZZn)l 

(2,3)  =  (ZZU)-ZZ(2))/C  )MW 

|    '.1  )  =(RRI  '!-"!  21  >/C     MM 


DD(3»2)  =  (RR( 11-RRI  11  ) /COMM 

DO (3  ,3) «IRR(?)-RR( H I /rowM 

DO    1201=1,3 

J=2»LM(  I  )-l 

hi  l  ,  j)  =  001  i  ,  I  ) 

M( ? , J) =  DD( ? . I  ) 

HI  3,  J! =DD( 3,1  ) 

hi  i.  ,j+l  l=DO(  1  t  I  ] 

ROTATE     UNKNOWNS     IF     REQUIRED 

H( 5»J+1 1 =D0<  2,1) 
120    HI  6.J+1  )=r>D(3»  I  I 

DO    125    J  =  l»2 

I =LM(J) 

IFIANGLFJ  1  )  !  I??,  125,125 
1??  5INA  =  SI  N(  ANGLF  I  I  )  ) 

COSA  =  COS( ANGLE  I  I  I  I 

IJ  =  2  *  I 

DO  124  K-l  ,6 

Tf"M  =Hl  K»  I  1-1  ) 

H(<»I j-l ) =TFM*COSA+H(K , IJ)*  INA 

124  H(K,IJ)r-T|TM»M,lA*'H(x,l..U»COc>A 

125  COMING 

5.  rORM^  ELEMFNt  STIFFNF55  MATRIX  (H)T»(D)«(H) 
DO  l?n  J=l»10 

DO  130  K  =  l»6 

I c  ( H ( <  ,  J ) )  128,130,128 
12fl  DO  129  1  =  1  .6 

1?9  F(  I  ,J)=F( I, J)+D( I »K)»H(K»JJ 
no  CONTINUE 

DO  140  1=1,10 

DO  14''  K=l  ,6 

IF  (H  ( K  .  I)  )  1  18.140.  138 
158  DO  139  J=l,10 

139  SU»J)  =  S(I»J)+H  IK  ,1  )»F(K,J) 

140  CONT  IN  l[ 

6.  FORM  THERMAL  LOAH  MATRIX 
I F ( NPP)  145,150,145 

145  TT(3)=C  .0 

COMM  =  y I  I  1  l*EF  I  4  ) 
S(9,9)=S(9,9) +COMM 
St  10,10 1=S( 10,10 1+COMM 
150  COMM=RO(MTYPE)*ANGFO**2 

TP (  1  ) =C0MM*X1  (7J+XI ( 2)*TT( 3) 

TD  (  ?  |  =COMM»X  t  (9)+Xf  (  1  )*(TT(  1  )+"TT(3)  1 

Trii)-cnMM»xinnn";;;:*TTi1' 

COMM=+ROI  MTVPF)«ACFL7 

TP(4)=CCMM»XI ( 1  I 

TP  I  5  )  =  LOM!-'*XI  I  7  ) 

TP  I  6 l =COMM* X!(8)+XI(1)*TT(2) 

DO     160     1  =  1  ,10 

DO    160    K=i»6 
160    P( J )=P. ' i+H    IK, I 1»TP(K) 

FORM     STPAPi      r.sA*!rOPMAT  *ON     MfiTR'X 

DO    41C     1=1,6 

DO  41 U  J=l ,10 
410  HHI  I  ,„  >  =HH(  I  . J  ) +HI  I  , J  I 
500  KCT"RN 

END 


riflF     e  T     ES« 

• '•'■  ,  ■  i  IMf  i    ,  •  i C  T  ,•'!■"',/■  f  r     l  ,/■•'<-      ,  ■    ,  v 

)*xxmn(i?    .    (son)  .7C>r»o)  fU"(soO)»uZ(5n(    . 


(  1  ,F  . c  .     "  (  eon 


120 

lr 

1  tc 
160 

176 

l  °n 


200 

250 


(    i  ,  >*  ,       i      it         i-'">!t*r         (    [      r  f      i      '"i  */  i  ii"ji  (U'i  -i  !ji  tiv  i  » 

600) fT( 500) »IBCi500)  »JDCI  50C  )  .r>7  i  600)  »ANGLEtA) 

'  l  '    )  .  '  77  (  c  )  .c  (  ]".  1  0)  .:   (  1  0  )  ,  T  T  (4  I  ,1  "(4  )  ,00(  ^,3  )  , 

1  n  )  ,  r\M  ',)./'('.),  C  ('.,'■).  h  I  6»1  0  ),',(','),  F  [6*1  0  )  ,  r  P  <  <  )  .  X  I  l  '  (J  ) 
)  ,IX(700»9)  .FPSJ700)  »^T*     i  7QC  I  rSK  U0) 
/BANARG/  Ml    »NUMRI    < » B < lOfl ) t A < 1 08 »54 ) 

/!    I    &MF  /VPP 

I   y  y  (  tr-O)  ,  pn\  S(60D) 
T  [MF 


SI  ll'f^OI 
(-  OM»'Of  I 

urn  ,     r 

CODE! 

... 

HH  I  ft  • 

,  r  f  1 7 

■' on 

-•■!•.     r 
r  r, . - •  •  r, i i 

^  r  "'ir.'i 

!»«»»«« 

COWPl  ITF.     Fl  FMFNT     ^T"c  c  - 
XKE=f . 
X PE = (  • 
MPRlNT=0 

Dn    300    M=  i  .N'IMEL 

N=M 

IX (N»* )  =IARM  I  XI N.6 )   ] 

MTVPF= IX(N«5 ) 

''ALL        Q'JAP 

I  X  (  N.6  )  =M1  YPE 

DO    1 20     1=1,4 
I  I =2*1 

J  1-2*  I  X  (  N,  I  ) 

P(I 1-1 ) =B(   )  i-l  I 

P(  I  I  )=B(  J.I) 

DO    160     1  =  1,? 

RP(I)=D<I+R) 

Do     1 50    K  =  ]  .  Q 

Rp  (  1  J  =  R  R  (  I  )  -s  {  I  +8  »  K  )  *PJ  K  ) 

r  OMM  =  S  I  o  ,  ~>  )  *  6  (  1  n  ,  1  r  )  - '  (  o  ,  1  0  )  »  S  (  1 

1  F  (  LOW-"  )     1  c  c  •  .  •      i  1  66 

p  r  o  )  -  (  r-  (  1      .i^i*oo(1)_C(o, 

D  (  1  0  )  =  (  -',  (  i  n  ,c  i  .-)'.•  (  i  )  +  s  ;   i,q  )  •  dp(  ?  )  )  /  -  ■■•■■■ 

0^    170     1=1.6 
T  P  (  I  )  =     .  r 

DO     .7       K  =  i  ,  10 

TP (  I  )  =  TP (  I   | +HH {  I  ,K ) »P (K  ) 

R  R  (  1  )  =  T  P  <  2  ) 
RR(2)=TP(6) 

PP[i|  =  (TP|  1  )*TP|;|*ppp[i.|  +  lD(i 

PP(4)=TPI?)tTP(M 

P."!       If       1  =  1.3 

SIGU)=-TT(I] 

DO    iro    K=l»3 

5  IG(  I  )  =  M  G(  I~)+C  (  l\<  ]  *pp  (  Y  ) 

Sinn)     =    E  E  (  2  )     *     f  5 1 G  ( 1 )     + 


,V"I   .  lf"  .     ••  '   . 


0.9) 

I  0  )   "' r'  (  ?_  )  )  /  (      ■  ■ '  • 


\)*777  I  6  )  )  /Pod  (  t;  ) 


S  I  G  (  2  )  ) 


ST  i 


CALCULATE     f^fp'-v     TERM 

DO  260  1=1,10 

COMM=0.0 

DO  200  K=l , 1 

COMM=COMM+S (  I  .< i  "D(  <  ) 

XOF=XPE+CCMM*P( I ) 

XKE=XKE+VOL*RO(MTYPF)*(p(<>)«"| 


'*2  i 


r*U  UL.A.  T1    EF/£     r I VJ     SISAIN 

IF  (  NPR)     ?si  .  -">?  .  ?M 

■?  s  i    r  p  ( 3 )    -   n .  o 

252    CC  =  (PP(  I  )  +  PR  (?))/.'  .o 

CP  =  S0R1  (  (  (RR( ? )-RR I  1  \  1/2. 0)»* 2+ (RR(4) /?.0)** 2) 
p-j{  1  1  rCC  +  rp 
RR(2)=CC-rR 

EPS (N)s SORT!  (RR(  1  ) -PP I  2  >  )**?+IRR( 1  )-PR(  3)  )»»2+ (RP<  ?  )-PR  C  3U  ••?  1 
]  *. 707/f  1 .o  +  FF ( ? )  ) 


OUTi'iiT     5TRFSSES 
CALCUI  ATE    PR  INC  I  PA  I 


1  5 


110 


S  T  R  f  '  ' 


Sir, 
Md 
Mr. 
5  IG 
CC  = 
P"  = 
CR  = 
SIG 
SIG 
SIP 


(  1  )  =  -<=  IG(  1  ) 

(  ?  )  a  -  <"  I  G  (  ?  ) 

(  7  )  =-  _  c  | ,, ,  ?  ) 

( 4  )  =  -r|f-UI 

IMG(1)'+SIG(2))/?.P 
t  5 I G  (  1  )  -S  I G  i  7  »  )  /  7  .  n 

r  Of  T  I  H  P  *  *  ?  +  c-  I  G  (  4  1  *  «  ?  ) 

(«5)  -CC  +  CR 
(  6  )  =  C  C  -  C  R 

(7)=?R.*A«#ATAN?(  2  •  0  *  M  G  (  *  J  .OH) 


Tn  l I Nc  I -J 


c  f  p  r  c,  5   n  a  rj  r  i  |_  £  (_ 
I  =  I  X  (  M  .  1  ) 
J= IX  (N  %7   ) 

ANG  =  2.0*ATAN?t  (Z(  M-7(I))t(R(J)-R(I]  I  1 
Cns2A=C05 ( ANG) 
S  I  N  2  A  =  S I N  (ANG) 
CX  =  ."5*{SIG{1)-SIG(2)I 

S I  r,  ( n  1    = "  P .  n 
M  g  ( o )    =   ( .  n 

s  I  r,  ( 1 0 )    =    (  M  G  (  5  )    -    c  I  g  ( f. i  )  /  2 .  o 
IF  fMPRI  MT)     110,1AM!" 
WP  i  tf    (ft,  ?on? ) 

F^O'-'AT      [  1H1   ) 
'•'PITF     t'6»2r>niT) 
MPPlN|T  =  50 

mdrImT=MPRINT-1 


r       CAl  O'LATI^N       ^F        voiinc,^       wnpiiLM^ 


SG  Y    =    E E ( 2 )    * ( S I G ( 5 I     *    5  I G<  6  > ) 

Tori     =     tSIGt 5)    -    SIG(6) ) **2 

IOC    =     (SIG (6)     -    5GY)**2 

T0(!3    =    lfr,v    -    STG(5)  >**2 

toct  -   (don   +  toc?  +  rr   *   >**o.m/ 

WT    =     (SIGC5)     +     RIG(ft)     <.    SGY     )/">. 
IF     (  <0  CT  .    G  T  .    o.o)    r.o    t  ~    7  0  o  2 

V  YF      = 

C,o     To     70f>3 
70 'J?    XX  F    a     >ncT 


3. 


FAILURE       r  T  r  F  c  - 


70    3    TOCTF    =     (3. IB?    *1<».??33    +    O.Qc76*    XXF)    ♦  l  .  u  1  a  ?  /  *  . 

70     «*     YVF     =     h-~  r      (  T  OC  T  I 

PAT     =     YVF      /         -^OTF 

IF  ( t?AT .    GT.     i.l)     GO    T^    6123 

ASIGa       1.0 


r,n   to   m?<< 

fti?-5     A"  IC,     -     0.502  7    -5.0  4R7     »     RA1 
Al ?U    fir- IGMA    =     l ".«» a-   i 

pN(FC7 1  =- 0 .  fl  ?'* 7« p AT  + 1  •  ?98 8 *  ( R  A T#*3 •  1-0 •  3 504* (  RAJ**<l« J 

r,  i     -     1  .     +    ON  f:  G 1 

y  1 1    =       . ''  o  i  7  °  o    if    i  .  /,  i  /,  ?    /  i  .  *  n 

G?r    =    XJ1     »     (1.58    »    "AT    +    1.0) 

pmnri    -     G]     »G?<     *     ((  T  IMF/AS  TGMA  >  *«0.n?94  J  /TOCTF 

SHMOD    =     II.  'i-M  f^')n) 

pr  r  <•,  (M)      -     n  .  1  S     #     "AT 

FXX(M)     =     ?.     »     rHMnn    #     (l.-t     PnjMN1)) 
iu*    WRITF    lft»?0ni)     MfP"."(  5)  *7ll  (*>)  »  (SIGI  I  )•  1  =  1  •  &>  «  '•'        r»TOCTF« 

1 RAT»FF( ?) »»0I 5 (M) iFF( 1 ) .FXX (M) 
-joo    (fr»'T  I  N|i  if" 

I  F     (  y»'F  )     310.^20.310 

310   w=  «.qrt  (  yPF  /y<E  ) 

WRITF     (6.2006)     w 
120     RFTIJRN 
2     10    FOBWAT     (132H       ELE.  x  7  P-STPESS 

lR^-ST^ESS       SIG-^CT.  TAU-    CT.  Tan    cTF. 

2E         FINAL-E     ) 

?|       l      F-^'AT      llH,|^1F'.1,7FI1.'.,F'.1^F'..,.-,no.1l 
2006     FORMAT      (?6H0APP~°     Xt'-'ATF     rUNOAMFf'.T  Al     r     E     IJFNCY 


7-ST     •  T-?TRES5 

at  .  |M  T- 


F  1  ?  .  5  I 


17  C 


SUBROU'  iNt    MOi^If  Y  (  A.H.MLOtMhANL-tN.U) 

DI  Ml  NM  ON    A  (  1  D8i54  I      tB<  3     81 

DO     P^U    M  =  ?,MMANI) 

K=N-M+1 

[  F  J  K )    2  ^ r  .  ?  i  r> .  2  *  n 
?^0    B( K)=B( K)-A (K  tM) #U 

A  (  K  t  M  I  =  0  •  0 
235    K=N+M-1 

lF(NFO-K)     ?5f,  ,?40.?40 
240     B(K)=M(K-)-A(N,M)»n 

A  (  N  •  M )  =  0  • 
250    C<~>NT  INUF 

A<N»1)=1.0 

B(N)«U 

RF  TURN 

FNO 


177 


SUBROUTINE  BAN^OL 

COMMON  /HANARO/     MM . NUMBL K , B (  1 08 )  » A ( 1  OB • 5 4 ) 
C      »#»•*»«•#« ...#. 

PFWlND  1 

RFWIND  2 

NN  =  5<, 

ML -NN+  1 

NH=NN+NN 

NR  =  0 

GO  TO  ISO 
C      RFDUCF  FOUATIONS  BY  BLOCKS 
C       1.  SHIFT  RLO^K  OF  FOUATIONS 
100  NB=NR+1 

00  »?5   N  =  1  ,NN 

NM=NN+N 

3(N)=B(NMI 

3 ( MM) = J .0 

00  125  M=l ,MM 

V(NtMl=A(NM»M) 

125   \(NM,M)=0.0 
C       !.  RFAO  NFXT  BLOCK  Or"  FOUATIONS 

IF ( NUMBLK-NB)  150,200,150 
ISO  *FAD(2)   (BIN).  ( A ( N,M) .M=l .MM) »N  =  NL »NHI 

IF(NB)  200,100.200 
C       3.  REDUCE  BLOCK  OF  FOUATION 
200  DO  300  N=l tNN 

tF  ( A (N  .  1  )  )  225. 3C J, 225 
225  3(N ) =  R( N ) /A (N.l  ) 

DO  275  L=2.MM 

IF ( A (N.L  )  )  230 ,275  .230 
230  :=A(N.L ) /A(N  .  1  ) 

[=N+L-1 

)  =  0 

)0  250  K=L.MM 

J=J+1 
250  A(i,j)  =  A(I,J) -C*A (N.f  ) 

B<  I  )=B(  I  )-A (N.L) *B(N) 

A ( N  .L  )=C 
275  CONTINUF 
300  CONTINUE 
C       4.  WRITE   BLOCK  CF  REDUCED  EQUATIONS  ON  TAPE  2 

IF (NUMBLK-NB)  375.400.375 
375  WRITE(l)   (R (N I . ( A ( N.M) ,M=2.VM) .N=l ,NN) 

GO  TO  100 
C       BACK  SUBSTITUTION 
400  DO  450  M=l ,NN 

N=NN+1-M 

DO  425  K=2,MM 

L=N+K-1 
425  BIN >=B( N)-A(N.K)*B(L ) 

NM=N+NN 

B(NM)=B(N) 
450  At NM.NB) =B( N) 

NB=NB-1 

IF(NB)  475,500,475 
475  3ACKSPACE  1 

"*EAD(  1  )  (B(NI  .  <  A(N,M)  ,M  =  2,MM)  .N=1,NN) 
UCKSPACE  1 


30    TO    400 
C  ORDER    UNKNOWNS     IN    B    ARRAY 

•500      ;»o 

if)    f>00    NRM  ,NUMRLK 
DO    600    N=»l  ,NN 
NM=N+NN 

;*k+i 

600     3( K )»A( NM.NR) 
*FTURN 
TNO 


ion 


110 

120 

140 

?00 


(ROUTINE     r,vw!NV(A,NWAO 
■JJMFNSION    A  (  4  .4  ) 
>n    ?o0    N=l  .N^AX 
)=AIN»N ) 

)0     100     J=l ,NMAX 
A(M.J)=-A(N.   J) / D 
}0     1«50     1  =  1  ,N^AX 
IFIN-I )      110, 150,1 10 
■)P,     14'1     J=l  ,  N^AX 
IF      (N-J)      l?O,140,120 
\  (  [  .  J  )  =  A  I  I  ,    ) )  *  A  (  I  ,  ^  1  •  A  (  N  ,  J  ) 
:ONTINUE 

A{  I  .N1  =  A( I .N)/D 
\(M,N)=1.0/D 
IOmT-INI  IF 
IFTURN 
•NO 


SUBROU  NNf  INTER  (XI  tRI  .  /  .'  ) 

D  I  Ml  NSI  ON  RR  ( I*  )  fll  (  4  )  t  X  I  (  10)  ,  XM  I  6)  »R  (  6  )  »Z  (6  )  tXX  (  6  I 

COMMON/PLANE/NPP 

DATA  (XXI  I  |  ,I  =  I«6)/"'*l.Ot1*3.0/ 

COMM«RR (2  )»(ZZ  <3)-77( 1 ) )+RR( 1 )*(Z7(?)-Z7(3) )+RR  (3>«(77(1>-77(?»1 

COMMrCOMM/?'.  ,0 

P(  1  )  =  RR|  1  I 

R(  7 >=RR  (2  ) 

R  (  3  )  =  R  R  <  j  ) 

R(4)  =  (°(l  ) +R I  2  )  )  / 2  .  0 

R(5)=(R(2)+R(3))/2.n 

R(6)  =  tR<1)+R(l))/?.f) 


Z  (  1  )  =  2  Z  (  1  ) 

7(71=77(21 

Z( 3)=7Z (3) 

ZU)  =  (Z<  1  )+Z(2)  )  /2.0 

Z(5)=(Z(2)+Z(3))/2.D 

Z(6)=(?(3)+Z(1))/2.Q 

IT  (NP.-M  10.30,10 
10  DO  7  0  I  =]  ,f, 
20  XM(  1  )=XX(  I  ) 

GO  TO  u ' 
30  DO  35  I  =1  ,<S 
35  XM (  I  ) =XX  (  I  ) »R (  I  ) 
40  DO  5  0  1=1,10 

X I  (  I  )  =  J  .  0 

DO  10U  [=1,5 

XI(1)=XI(1)+XM( 

Xt (2 )=X I ( 7) +XM ( 

XI(3)=XI(3)+XMI 

XI(4)=XI(4)+X~M( 

XM5)=XI  (  5)+XM( 

XI (61=XI (6) +XM ( 

XI  (7)=XI (7)  +  XM( 

XI  (8)=XI (8)+XM( 

X!(9)=Xl(9)+XM< 

XI  ( 8  >  =X  1  (  P )  +  XM ( 
XI ( 9 ) =  X I ( O )+XM ( 
XI  (  10)  =  X  I  (  10  1  +  XMI  I  )»RU  )»7.  (  I  ) 
100  CONTINUt 

DO  150  i  =  i,  in 
150  X  I  (  I  ) =  X  I  ;  I  )*COMM 
RETURN 

END 


) 

)  /"?(  I  ) 

1/(0(1) »*2 ) 

i*2( i  V/R( n 

1*Z(  I)/(.R(  I  J*#2) 
)*Z(I)**2/(R(1_)**2 

)  *R(  I  ) 
)       »/  (  I  ) 
)  *R  ( I ) «*2 
)       »7(  I  ) 
) »R  (I )*»7 
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Table   2 
Effect   of  Stress-Strength  Hatlo  on  Creep   Parametei 
Kaollrif-Kri'-afllng  Compact  Ion, 

60  lba.  Tamps  -  Drained 


for 


Specimen 

Moisture 
Content 

Confining 
Pre  an  lire- 
kg/sq.    cm. 

Devr . 

Stress 

kg/sq.    cm. 

Fal  lure 
S  t  re 

kg/:r|  .       "  . 

c 

n 

Equivalent 
t'olason'  ■ 
Ratv. 

8J 

27.5 

0.0 

1.53 

5.33 

0.1640 

0.0326 

0.0927 

8J 

27.5 

0.0 

2.86 

5-33 

0. i860 

0.0360 

0.1451 

8J 

27-5 

0.0 

14. 2D 

5.33 

0.81427 

0.0352 

0.2191 

2J 

27.5 

0.0 

1.19 

5-33 

0.1752 

0.O39! 

-, 

2J 

27.5 

0.0 

2.20 

5.33 

0.3096 

0.0338 

0.0913 

2J 

27.5 

0.0 

3.33 

5.33 

0.5185 

0.0331 

0.1392 

2J 

27.5 

0.0 

14.24 

5-33 

0.8131 

0.0322 

0.1751 

2J 

27-5 

0.0 

14.69 

5.33 

0.9671 

0.0313 

0.1927 

13E 

17.8 

1.0 

3.78 

8.40 

0.3796 

0.0312 

0.0337 

13E 

17.8 

1.0 

4.70 

8.140 

0.5001 

0.0221 

0.0711 

13E 

17.8 

1.0 

5.62 

8.140 

0.6995 

0.0286 

0.1060 

13E 

17.8 

1.0 

6.53 

8.140 

0.8998 

0.0458 

0.1312 

HE 

17.8 

1.0 

3.78 

8.73 

0.3359 

0.0327 

0.0804 

HE 

17.8 

1.0 

14.70 

8.73 

0.3830 

0.0370 

0.1067 

14E 

17.8 

1.0 

5.62 

8.73 

0.51427 

0.0274 

0.1364 

1«4E 

17.8 

1.0 

6.53 

8.73 

O.69I6 

0.0363 

0.1587 

8E 

18.5 

1.0 

2.10 

8.31 

0.1315 

0.0430 

0.0319 

Be 

18.5 

1.0 

2.78 

8.31 

0.1751 

0.0508 

0.0337 

7E 

18.5 

1.0 

2.91 

8.36 

0.2079 

0.0269 

0.0517 

7E 

18.5 

1.0 

3-36 

8.36 

0.2535 

0.0369 

7E 

18.5 

1.0 

1.53 

8.36 

0.07  95 

0.0437 

0.0322 

7E 

18.5 

1.0 

2.22 

8.36 

0.H26 

0.0320 

0.0458 

HE 

17.8 

1.0 

2.86 

8.73 

0.3018 

0.0331 

0.0447 

3J 

27.5 

1.0 

1.03 

6.67 

0.0689 

0.0315 

0.0561 

3J 

27.5 

1.0 

1.95 

6.67 

0.1563 

0.0486 

0.0610 

3J 

27.5 

1.0 

2.86 

6.67 

0.2796 

0.0448 

i86 

3J 

27.5 

1.0 

3.78 

6.67 

0.4921 

0.0461 

0.1420 

3J 

27.5 

1.0 

4.70 

6.67 

0.8587 

0.0515 

C.2312 

10E 

18.7 

2.0 

1.36 

10.05 

0.C606 

0.0320 

0.0581 

10E 

18.7 

2.0 

2.51 

10.05 

0.1525 

0.0382 

0.0611 

10E 

18.7 

2.0 

3.65 

10.05 

0.3003 

0.0448 

:. :;65 

Table  3 
fiffeot  of  Stress-Strength  Ratio  on  Creep      hers  Tor 
Kaol Inlte-Impaot  Com[ aot ion, 

4',  Blows  -  Drained 


Specimen 

Moisture 
Content 

Conf'1  nl  ng 

Pressure 

kg/sq.  cm. 

Devr. 
[•ess 

k  v.  /  s  rl  •  cm. 

r> ' lure 
St  r  e 

k(?/sq.  cm. 

c 

n 

.  alent 

6D 

23.8 

0.0 

0.12 

10.52 

0.1212 

0.0300 

0.0193 

6D 

23.8 

0.0 

1.83 

io.- 

0.2179 

0.0,   • 

0.0',77 

6D 

23.8 

0.0 

2.75" 

10.5^ 

0.2937 

513 

O.i 

6D 

23.8 

0.0 

3.67 

10.52 

0.3551 

0.0392 

0.1727 

12D 

23-8 

0.0 

1.84 

10.38 

0.2753 

0.0370 

0.07  56 

12D 

23.8 

2.7! 

10.38 

0.3463 

0.03^7 

0.1286 

ila 

2U.9 

0.0 

1.03 

9.62 

0.10,7 

0.0454 

0.0179 

ila 

2  4 .  1 

0.0 

1.95 

9.62 

0.1803 

0.0189 

0.0584 

lUO 

214.9 

0.0 

4.70 

9.62 

0.6210 

0.0142 

o.iei5 

lito 

24.9 

0.0 

6.53 

9.62 

1.3421 

0.0193 

0.3119 

16D 

23.9 

1.0 

2.98 

12.90 

0.1738 

0.0455 

0.0697 

16D 

23-9 

1.0 

3-89 

12.90 

0.2433 

0.0362 

0.0399 

16D 

23.9 

1.0 

4.81 

12.90 

0.3460 

0.0368 

0.04*2 

ltD 

23.9 

1.0 

1.01 

12.50 

0.0760 

0.0489 

O.C3'-7 

1HD 

23-9 

1.0 

1.93 

12.50 

0.1350 

0.0474 

0.0595 

l4D 

23.9 

1.0 

2.85 

12.50 

0.1733 

0.0574 

0.1157 

lip 

23-9 

'   1.0 

4.f8 

12.50 

0.3350 

0.0616 

0.0558 

12Q 

25.1 

1.0 

1.03 

11.68 

0.0464 

0.0596 

0.0960 

90 

25.1 

1.0 

1.03 

10.78 

0.0385 

0.0952 

0.1412 

30 

25.1 

1.0 

1.03 

11.38 

0 . :  ] 

0.0685 

0.1c 

30 

25.1 

1.0 

1.95 

11.38  " 

0.0927 

0.0506 

0.1551 

30 

25.1 

1.0 

2.86 

11.38 

0.1652 

0.0644 

0.1969 

3a 

25.1 

1.0 

4.70 

11.38 

0.1523 

3. 3429 

0.2687 

3  a 

25.1 

1.0 

6.53 

11.38 

1.0263 

O.C385 

0.3248 

Specimen 

150 
150 
150 
150 
150 

50 

50 

50 

50 

50 


Table  4 
Effect  of  Strees-Strength  Ratio  on  Creep  Parameters  Tor 
K.aoilnit*  -  Impact  Compaction, 

1(5  Blows  -  Undralned  and  Partly  Drali 


Moisture 
Content 

Confining 
1  pee  ture 

kg/sq.  cm. 

Devr. 

31  ress 
kg/:iq.  cm. 

Failure 

.'Jtress 

kg/sq.  cm 

c 

n 

Equ^ 

Polsson' e 
Ratio 

21.9 

0.0 

1.03 

9. 148 

0.1256 

0.0368 

0.0257 

24.9 

0.0 

1.95 

9.48 

0.2085 

0.0399 

0.0617 

21). 9 

0.0 

2.86 

9.48 

0.3168 

0.0360 

0.1128 

21). 9 

0.0 

1).70 

9.48 

0.5712 

0.0411 

0.1728 

21). 9 

0.0 

6.53 

9.48 

1.1866 

0.0358 

0.2683 

25.1 

1.0 

1.03 

10.1)3 

0.0429 

0.0458 

0.0905 

25.1 

1.0 

1.95 

10.1)3 

0.108C 

0.0474 

0.13*9 

25.1 

1.0 

2.86 

10.1)3 

0.2248 

0.0484 

0.1628 

25.1 

1.0 

1.70 

10.1)3 

0.7267 

0.0314 

0.2D81 

25.1 

1.0 

6.53 

10.1)3 

1.4801 

0.0456 

0.3257 

Table  5 
Results  or  Tests  Conducted  on  Grundlte  Specimens  From 
Footing  Teat  -  Static  Compaction 
10.54  kg/sq.  cm.  -  Drained 


S  p  e  c  1  me  n 

Moisture 
Content 

Confining 
Pressure 
kg/sq.  cm. 

Devr . 
Stress 
kp/sq.  cm. 

Failure 
Stress 
kg/sq.  cm. 

c 

n 

1    /alert 
'  Polsson's 
Ratio 

Gl 

18.3 

0.0 

0.96 

6.30 

0.1755 

0.0D06 

I..";" 

01 

18.3 

0.0 

1.91 

6.30 

0.2834 

0.0391 

0.0251 

Gl 

18.3 

0.0 

2.87 

6.30 

0.5221 

0.0414 

0.1211 

01 

18.3 

0.0 

3.82 

6.30 

0.6949 

0.0443 

0.15H 

G5 

17.1 

1.50 

1.04 

8.33 

0.0546 

0.04C5 

0.1087 

05 

17.1 

1.50 

1.95 

8.33 

0.1357 

0.0400 

0.1153 

G5 

17.1 

1.50 

2.85 

8.33 

0.2272 

0.0394 

: . :  - ;.  - 

02 

19.0 

1.00 

- 

6.96 

06 

18.1 

2.00 

- 

7.29 

G4 

18.7 

2.00 

- 

6.78 

Ipec lmen 

1H 
til 
4H 
kn 

1H 

70» 

70» 


Tub  la  6 
Effect  of  Stress-Strength  Ratio  on  Creep  I'srar-ift  era  Por 
Kaollnlte  -  Impact  Compaction 
15  Blown  -  Drained 


Moisture 
Content 

Confining 
Pressure 
kg/sq .    cm. 

Devr . 
f,t  res  s 
kg/oq.    cm. 

Ps  1  lure 
Stress 

kg/Gq.    cm. 

c 

n 

Equivalent 
Poise 

Ra* 

2o.l4 

1.0 

1.95 

11.06 

0.1141 

0.0513 

0.0658 

26.  1 

]  .0 

3.32 

11.06 

0.2699 

0.0*56 

0.0908 

26.  1 

1.0 

4.70. 

11.06 

0.1780 

0.0106 

0.1106 

26.  1 

1.0 

6.07 

11.06 

0.79H 

0.0356 

0.136* 

26.14 

1.0 

7.15 

11.06 

1.1076 

0.0317 

0.1728 

25.0 

0.0 

1.95 

9.60 

0.2276 

0.0532 

0.0618 

25.0 

0.0 

6.53 

9.60 

1.1397 

0.0115 

0.3H6 

•  I  Loading  duration  was  for  1  minute  only. 


Table  7 
Results  of  Extension  Creep  Tests  on  Kaollnlte  - 
Impact  Compaction,  15  Blows 


pec lmen 

Moisture 
Content 

Conrinl 
Pressur 
ks;/sq  . 

■e 
cm. 

Devr . 
St res  s 
kg/sq.    era. 

c 

n 

E ]ulvalent 
Polsson'  b 
Ratio 

8H 

26.1 

1.0 

2.02 

0.0857 

0.0569 

0.5H7 

8H 

26.1 

1.0 

3-01 

0.2561 

0.0821 

0.5836 

8H 

26.1 

1.0 

3.56 

0.3367 

0.0771 

0.5613 

8H 

26.1 

1.0 

1.01 

0.1970 

0.0553 

0.5808 

8H 

26.1 

1.0 

1.51 

0.6923 

0.0883 

0.5875 

5H 

26.1 

1.0 

3.00 

O.llUl 

0.0817 

0.1011 

5H 

26.1 

1.0 

3.50 

0.2505 

0.0673 

0.1712 

Ml 

26.1 

1.0 

14.51 

0.7277 

0.0652 

0.5635 

Table  8 
Results  of  Extension  Creep  Tests  on  Kaollnite 
Kneading  Compaction,   60  lbs.  Tamps 


Specimen 

Moisture 
Content 

Confining 

Pressure 
k;;/cm.    sq. 

Devr. 
Stress 
kg/cm.    sq . 

c 

n 

Equivalent 
Polsson's 
Ratio 

10J 

27.5 

1.0 

1.97 

0 

,1901 

0.0111 

C    -371 

10J 

27.5 

1.0 

2.98 

0 

.3756 

0.0116 

0.3960 

10J 

27.5 

1.0 

3-97 

0 

.8261 

0.0111 

0.4183 

Tat   ■ 

Effeol    Df  Streaa    Level   on  Creei    Pan '•• 

Kaollnite  '  ' on, 

1(5  Blown   -   Moisture   Content    27-1    Per   Cent   -  Drf 

■  ■■ iff) 


ineo 


fclmen 

■  i,l  l  n1  rig 
Prei  -ure 
kg    ''i .    cm. 

I  ■  v  r  . 

Stress 

kp/.s'|.    cm. 

c 

n 

.  1 valent 

P  %  t  !  0 

70 

0.0 

2.12 

0.083 

o.cm 

0.252 

70 

0.0 

3.53 

0.240 

0.038 

0.321 

70 

0.0 

11.93 

0.510 

0.036 

0.3 

73 

0.0 

2.12 

0.080 

<j.  075 

0.280 

73 

0.0 

3.53 

0.40 

o.1 

0.485 

145 

0.0 

3.53 

0.28 

- 

0.108 

145 

0.0 

11.93 

O.63 

0.040 

O.J'JT 

1U5 

0.0 

5.30 

0.90 

o.< 

0.373 

145 

0.0 

6.0,:1 

1.30 

■  '79 

0.393 

148 

0.0 

5.  30 

0.62 

0.O13 

0.293 

118 

0.0 

6.02 

0.83 

0.031 

0.480 

149 

0.0 

1.00 

0.039 

0.312 

■>. 

1.0 

?.  L2 

0.13 

0.032 

0.126 

96 

1.0 

3.cj3 

0.28 

0.041 

0.227 

li 

1.0 

1.93 

0.17 

0.040 

0.318 

... 

1.0 

6.  j6 

0.78 

0.056 

0.413 

in: 

1.0 

2.12 

0.12 

0.011 

0.228 

142 

1.0 

3.5  3 

0.17 

0.044 

0.221 

142 

1.0 

11.93 

0.35 

0.057 

0.351 

112 

1.0 

6.  36 

0.72 

0.017 

0.128 

50 

3-0 

0.12 

0.08 

0.053 

0.152 

50 

3.0 

3.'  1 

0.15 

0.013 

0.232 

50 

3.0 

1.95 

0.27 

0.030 

0.319 

3.0 

6.36 

0.49 

0.010 

0.143 

59 

3.0 

2.12 

0.08 

0.049 

- 

3-0 

3.53 

0.20 

0.013 

0.3^8 

59 

3.0 

4.9! 

0.41 

0.011 

0.168 

• 

3.0 

6.36 

-  0.74 

.    52 

0.490 

6.U 

2.12 

0.10 

0.: 

- 

6.0 

3.53 

0.17 

0.04 

- 

l     • 

6.0 

4.95 

0.26 

O.038 

- 

109 

6.C 

0.13 

0.03S 

- 

116 

6.0 

2.12 

O.C83 

0.053 

- 

116 

6.0 

3-53 

0.11 

0.C77 

- 

116 

6.0 

4, 

0.29 

0.013 

- 

Table   10 
EfTect   or  Stress  Level   on  Cre^p  Parameters   I  Ite- 

Kneadini?,  Compaction,    45   Lb  imps  -  Moisture  (    ntenl    19.5  P«r  C«nt- 

Dralncl      (LHta   From   Perl 


Specimen 

ConflnlnK 

!  re   nure 

kg/sq.    cm. 

Devr. 

."1  r>:-:! 

kg/sq.    cm. 

c 

n 

F.qul 

Pol      on' 8 

Patio 

133 

0.0 

1.71 

<j  .\' 

.78 

0.358 

133 

0.0 

2.86 

0.41 

'  7 

0.300 

133 

0.0 

U.00 

0.76 

0.055 

o.y.>7 

133 

0.0 

5.11 

1.55 

0.061 

0.2^7 

132 

0.0 

1.71 

0.10 

0.100 

0.276 

132 

0.0 

2.86 

0.39 

0.057 

0.332 

132 

0.0 

1.00 

0.78 

0.052 

0.348 

132 

0.0 

5.11 

1.48 

0.056 

0.124 

110 

1.0 

1.71 

0.14 

0.060 

0.283 

110 

1.0 

2.86 

0.33 

0.060 

0.399 

110 

1.0 

4.00 

0.66 

- 

0.477 

110 

1.0 

5.11 

0.91 

0.095 

0.305 

135 

1.0 

1  .71 

0.11 

D.  078 

0.2H 

135 

1.0 

2.86 

0.25 

0.067 

0.297 

135 

1.0 

1.00 

0.15 

0.077 

0.267 

135 

1.6 

5.14 

1.04 

0.060 

0.305 

61 

3.0 

1.71 

0.11 

0.057 

0.262 

81 

3.0 

2.66 

0.25 

0.071 

- 

81 

3.0 

1.00 

0.13 

0.049 

0.322 

8l 

3.0 

5.14 

0.76 

0.0 

0.114 

86 

3.0 

1.71 

0.19 

0.032 

- 

86 

3.0 

2.86 

0.21 

0.065 

- 

86 

3.0 

4.00 

0.58 

0.061 

0.347 

86 

3.0 

5.H 

0.95 

0.077 

'    0.405 

136A 

3.0 

1.71 

0.08 

0.094 

0.139 

136A 

3.0 

2.86 

0.24 

0.091 

0.237 

136A 

3.0 

4.00 

0.58 

0.060 

0.254 

136A 

3.0 

5.H 

1.10 

0.055 

0.285 

141 

14.0 

1.71 

0.19 

0.07? 

- 

Hi 

3.0 

2.86 

0.40 

0.  (  91 

0.167 

Hi 

3.0 

1.00 

0.60 

0.066 

0.122 

111 

3.0 

5. 11 

1.0" 

0.062 

0.117 

Table  11 
Effect  of  Moisture  Content  on  Creep  Parameters  for  Orundlte- 
Impact  Compaction,  45  Dlow3  -  Confining  Pressure 
3  kg/sq.  cm.  -  Drained   (Date  from  Perloff) 


Specimen 

Moisture 
Content 
Per  Cent 

Devr . 
T tress 
kg/uq.  cm. 

c 

n 

Equivalent 
Polsson's 
Ratio 

88 

14.1 

2.62 

0.13 

0.70 

0.138 

88 

14.1 

4.37 

0.22 

0.052 

0.169 

88 

14.1 

4.37 

0.22 

0.052 

0.169 

88 

14.1 

6.12 

0.34 

0.065 

0.230 

89 

14.1 

2.62 

0.13 

0.046 

0.033 

89 

14.1 

4.37 

0.21 

0.037 

0.115 

89 

14.1 

6.12 

0.3" 

0.032 

0.160 

89 

14.1 

8.33 

0.49 

0.042 

0.242 

77 

17.8 

1.52 

0.12 

0.045 

- 

77 

17.8 

2.52 

0.21 

0.056 

- 

77 

17.8 

3.52 

0.52 

0.048 

- 

77 

17.8 

4.53 

0.95 

0.060 

- 

80 

17.8 

1.52 

0.13 

0.045 

- 

80 

17.8 

2.52 

0.20 

0.053 

- 

80 

17.8 

3-52 

0.48 

O.OHl 

- 

80 

17.8 

4.53 

0.90 

0.066 

- 

66 

21.7 

1.53 

0.20 

0.0U7 

0.092 

66 

21.7 

2.55 

0.30 

0.060 

0.163 

66 

21.7 

3-56 

0.62 

0.036 

0.286 

69 

21.7 

1.53 

0.19 

0.C57 

0.141 

69 

21.7 

2.55 

0.38 

0.052 

0.120 

69 

21.7 

3.56 

1.25 

0.048 

- 

6n 

21.7 

4.58 

2.30 

0.092 

- 

Table  12 
Effect  of  Moisture  Content  on  Creep  Parameters  for  Orundll   - 
Impact  Compaction,  120  Blows  -  Confining  Pressure 
3.0  kg/sq.  cm.  -  Drained  (Data  from  Perloff) 


Specimen 

Moisture 
Content 
Per  Cent 

Devr. 
Stress 
kg/sq.  cm. 

c 

n 

Equivalent 
Poisson'a 
Ratio 

91 

14.2 

4.55 

0.28 

0.052 

0.171 

91 

14.2 

7.59 

0.56 

0.045 

0.267 

91 

14.2 

10.63 

0.92 

0.066 

0.343 

84 

16.7 

3-75 

0.28 

0.052 

0.113 

84 

16.7 

6.26 

0.90 

0.042 

0.181 

84 

16.7 

8.76 

2.00 

0.069 

0.207 

97 

19.0 

2.71 

0.24 

0.035 

0.422 

97 

19.0 

4.52 

0.70 

0.050 

0.432 

97 

19.0 

6.32 

1.48 

0.048 

0.434 

97 

19-0 

8.13 

2.45 

0.098 

0.623 

102 

19.0 

2.71 

0.24 

0.078 

0.375 

10? 

19.0 

4.52 

0.68 

0.045 

0.391 

102 

19.0 

6.32 

1.30 

0.044 

0.422 

102 

19.0 

8.13 

2.70 

0.068 

0.466 

fDIX   C 

EXPERIMENTAL   RESULTS 


X  c 
J  .      Knead  Ln  mpac    Lon  -    60    Lbs.    Tai         -    - 


13P     i?-2fc-^«     comp.   rpfrp 

CONFP«li0000  DFVPO.7H00 
HIGHTs2.B125DIAMRe]  .3175 
TIMF     AXL.STRN    HOt   .STPN 


.0? 

,oo?R8 

_  ,0001ft 

.04 

,0030ft 

—.00018 

.06 

.00316 

_.0O0i  fl 

.in 

,oo3?4 

-.00019 

.40 

.00356 

_ .oeo?r 

]  .00 

.00373 

_ .000?? 

?.00 

,nmR4 

_ .000?? 

4.00 

.00388 

_.ooo?? 

6  .00 

.0039] 

_ .000?^ 

10.00 

,oo3RS 

_.000?3 

20.00 

.00402 

—  .00024 

40.00 

,004lft 

_.000?4 

60.00 

,004?3 

_ .00075 

1 3F       i?-^«,-ftP       COMP.    TPFEP 
CONFP«1.0000    DFVP»ft.5300 

HIGHT«2.R1?C<0IAMP»1  .3125 
TIMF  AXL.STRN  PHI  .STPN 
.02  ,00ft04      _.C00H4 

.04  .0070? 

,0ft  ,0071 1 

.10  .00738 

.40  .00771 

1.00    .00809 

2.00     ,00«?7 

4.00     .00*53 

ft. oo   .noflft? 

10.00  .00871 

20.00  .00RR0 

40.00  .00924 

60.00  .00°ftO 


—  .00096 

.04 

—.00097 

•  Oft 

_  ,ooo<vr 

.10 

—  .00105 

.40 

_ .001  oft 

1  .00 

_.0010O 

2.00 

—  .00113 

4.00 

_.P01 14 

ft. 00 

_.001?0 

10.00 

—  .00122 

20.00 

-  .00129 

40.00 

-.00133 

60.00 

]*F    i-f>-69   CO*PM,  rpf£P 
CONFP-1.0000  OEVP«3.7»00 
HIGmT»?.«1250IAmr«i .3125 
TIMF  AXL.STPN  PTl  .STPN 
.02    .00256   ..no021 
.002R1   -.00023 
,oo?«4  _.nno24 
.Oi?9?  _. 00075 
.00306  _.000?6 
.00320   _.O0026 
,003?4  __   ,ono2ft 
.00331   -.00027 
.00334  _.ono?P 
.0033P  -.00079 
.00338  _.000?9 
.00338  -.00032 
.00338  _  .00032 


13E   i?-2fc-ft8   COMP.  CPFEP 
CONFPnl .0000  DEVPr4.7l>00 
HIGHTo2.fll25DlAMRx] ,3125_ 
TIMF  AXL.STRN  RD|  .STRN 


14F   r-  7  -69   COMPh I.  CREEP   14E   1  -  7  -69   COmPk,.  CREEP 


.00469 
.00491 
.00498 
.00501 
.00523 
.00533 
.00537 
.00540 
.00548 
.0055R 
.00565 
.00569 
.00^72 


—.00036 
—.00037 
—.00037 

—  .P003R 

—  .00038 
-.00033 

—  .00039 

—  .00039 
-.00040 
—.00040 
—.00041 

—  .00041 

—  .00043 


C0NFP«1 

.0000  DEVP=ft.5300 

CONFP.l 

.0000  DEVP*4.7000 

HIGHT«2 

.8125DIAMR*1 .3125 

HIGHT*2 

.R125DIA 

"R»l .3125 

TIMF 

AXL.STRN 

RDL .STRN 

TlMp 

AXL.STRN 

RDL. STRN 

.02 

.00473 

—  .00072 

.02 

.002P1 

_  .000?R 

.04 

.00555 

_  .OOOfll   - 

.04 

.00316 

—  .00030 

.06 

.00565 

—.00083 

.06 

.00320 

—  .00032 

.10 

.00572 

_ .OOORR 

.10 

,003?4 

—.00033 

.40 

,00601 

—  .00091 

.40 

.00334 

—  .00035 

1.00 

•0060R 

—.00096 

1  .00 

.00356 

-.00038 

2.00 

.00ftl5 

_.0009R 

2.00 

.00359 

-.00039 

4.00 

,00ft29 

-.00101 

4.00 

.00370 

—  .00040 

6.00 

•00ft33 

-.00103 

6.00 

.00377 

—.00041 

10.00 

,00ft*0 

-.00105 

10.00 

.00377 

-.00042 

20.00 

,00ft54 

•—.00110 

20.00 

•OO3R0 

—  .00045 

40.00 

,00ft72 

-.001  14 

40.00 

.00380 

—  .00046 

60.00 

,00ft90 

-.00119 

60.00 

.003RA 

_ .0004R 

13F   12-26-68   COMP.  CREEP   14E   1-5-69   CdmPim.  CREEP  14E   1-7 -69   COMPn.  CREEP 


CONFP=1.0000  r>EVP  =  5.6200 
HIGHTo2.8125DIAMR*1.3125 
TIME  AXL.STRN  RDL. STRN 
.02    ,005ft5  -.00059 
.04    .00572  _ .OOOftO  . 
.06    .005P3  -.00062 
.10    .00601   —.00064 
.40    ,00ftl5  —.00066 
1.00    ,00640   —.00068 
2.00    .006*4  _.000ft9 
4.00    .00ft51   —.00171 
6.00    .00661   —.00072 
10.00    ,00668  -.00074 
20.00    .00683  —.00076 
40.00    .00700  —.00079 
60.00    .00711   -.00081 


CONFPal.0000  DEVP«?.860O 
HIGHT-2.8125DIAMRM.3125 

TIMF  AXL.STRN  RD|  .STRN 

.02  .00749  -.00010 

.04  .00260  —.00011 

.06  .00?63  —.00012 

.10  .00777  -.00012 

.40  .00284  —.00013 

1.00  .00288  —.00013 

2.00  .00295  -.00013 

4.00  .00302  —.00014 

6.00  .00306  -.00014 

10.00  .00306  -.00015 

20.00  .00306  —.00016 

40.00  .00331   -.00016 

60,00  .00334  -.00017 


CONFP«1.0000  OEVP»<;.6200 

HIGHT»2.8125DIAMR«] .3125 

TlMr  AXL.STRN  RDL. STRN 

•02    .00434  _.00055 

.04    .00441  _.00057 

.06    .00448  —.00059 

.10    .00452  —.00061 

.40    .00462  —.00064 

1.00    .00476  -.00065 

2.00    .00480  —.00067 

4.00    .00491  —.00068 

6.00    .00498  —.00068 

10.00    .00505  -.00071 

20.00    .00516  —.00073 

40.00    .00530  -.00077 

60.00    .00537  —.00078 


1.      Kneadlni     Compaction   -    60    LI  - 


BF   R-15-68   COMPN.  t«FEP 

cnMFP-i.nonn  dfvp»2.7R00 

HlGHT.2.R12S0IAMR«l.3l?5 
TIMF     AX|   .STPN    RDI   .ST«N 

.no)*?  _.ononS 

,oni44  _.nooo5 

,ooi*ft  _.nnons 

,ooi*9  —.noons 

,00160  —.00005 

,ool67  _.nnon* 

,00l7R  _,00006 
.001*1   —.00006 

. ooifs  _.onoo6 

.00196   -.00006 

,oo?o3  _.nnoo7 
,oo?04  _.nnoo7 
,oo?o*  _.nnoo7 


.0? 
.0* 
.06 
.10 
.40 
1  .00 

?.on 

4.00 
6.00 
10.00 
20.00 
40.00 
60.00 


7F   R.JR-6R   COMPN.  rPFFP 

CONfp-i.ooon   !">fvp»?.2?oo 

HIGHT«?.R125DIAMP»1 .31 ?5 
TIMF  AXL.STRN  RDl  .STPN 


1  OF   o.?#>-^P   CO"P>  .  ran? 
CONFP.P.OOOO  DEVP»3.6600 
HIGHT»2.R1250IA"R»1 .3125 
TlUr  AXL .STPN  RC|  .STPN 


.0? 

.001  1  1 

—  . 00005 

.0? 

.00231 

—  .0001  1 

.04 

.00124 

—  .00005 

.04 

.00249 

-.00013 

.06 

.00l?6 

—  .00005 

.06 

.0025? 

_.OO01 3 

.10 

.00132 

—.00006 

.10 

.00260 

_.OO01  3 

.40 

.00136 

—  .00006 

.40 

.002R1 

—  .00015 

1  .00 

.00140 

_.  00006 

1  .00 

.002*4 

_  ,onoi6 

2.00 

.001*1 

_ .00006 

2.00 

.00295 

_  .nnoi7 

4.00 

.00142 

—  .00006 

4.00 

.00302 

_  .00017 

6.00 

.00144 

-.00006 

6.00 

.00313 

_ .nnoiR 

10.00 

.nni46 

—.00006 

10.00 

.00316 

-.00019 

20.00 

.00149 

—  .00006 

20.00 

.00320 

-.00019 

40. on 

.00  151 

—  .00006 

40.00 

.00327 

—.00020 

60.00 

.ooiss 

_ .00006 

60.00 

,0033fl 

_ .00021 

BE   R-15-6R   COMPN.  CPFEP 
CONFP»1.0000  DEVPn?.1000 
_.HIGHT»2.B125DIAMR«1  .3125 
TI^F  AXL.STRN  RfU.STRN 
.02    .001 10  -.00004 

.00114  —.00004  .  _ 
.00116  -.00004 

.00117  _.nnoo4 

.00121  —.00004 

.00124  _ .nnoo4 

.001*2  -.00004 
.00143  —.00005 
.001**   -.00005 

,ooi45  — .onoos 

.00149  —.00005 
.00149   -.00005 

,oni5n  —.noon6 


. 4 

,04 

1 

,06 

4 

,10 

.41 

1( 

.00 

2, 

.00 

4, 

,00 

6 

.00 

10, 

■  00 

20 

,00 

40 

.00 

60 

.00 

7E   R-|8-6R   COMPN.  CHEEP 

CONFP»1.0000  DEVP"1.S300 

HIGHT»2.B125DIAMR«1.3125  . 

TIMF  AXL.STRN  ROl .STPN 

.02    .00062  _. 00002 

.04 .00066 .00002 

.06    .0006R  -—.00002 
.10    .00071   —.00003 

-_  .4a .00076 .00003 

1.00    .OOORO  —.00003 
2.00    .OO0B1   -.00003 

4.00 ..00  082 .00003 

6.00    .OO0R4  -.00003 
10.00    .00085  -.00003 

20-.00--   .00087  —.00003 

40.00    .000R9  _.00003 
60.00    .00090  -.00003 


7F    H-19-6*      COMPK'.     CPi-FP 

CONfP=l  .UnOf,    DF  tfP=?.91"0 
HIGHTs2.H]2SnTAMPsl .31^5 

TTMF    AX| .9TPM    POL .ST"N 


.04 

."6 

.10 

.40 

1.00 

2.00 

4.nn 

6.00 
1  0  .  0  0 

20. no 

40.00 
60.00 


,rO)Hn 
.roiRs 

.001R7 
.0019? 

.00199 

.00201 

,rn?n3 

,00204 

.no?OR 
,nn?i3 
,no?lR 

,rO??l 


_ .  p  o  u  l  r, 

-.oooin 

-.00010 
-.0001" 

-.0001" 

-.loom 

-.0001? 
-.0001? 
-.0001? 
-.00013 
-.00013 
-.00013 


10E  R-2S-6R  COMPn.  CUtEP 

CONFP»2.0000  nfVPsl . JoOO 

Hir,HT*?.fli  ?M)!«mp=i  .3  125 

TIME  AXL.STRN  PDL.SIRN 


.04 

.00052 

_ .000J3 

.06 

.00053 

—  .000  )3 

.10 

.00053 

_  .000u3 

.40 

.00055 

—  .000  13 

1.00 

.00055 

_.000  )3 

2.oo 

.00*159 

_.000  >3 

4.00 

.00063 

_.OOOU3 

6.00 

.00061 

—  .000  >3 

10.00 

.00062 

—  .00003 

20.00 

.0006? 

_  .000  j3 

40.00 

.00066 

—  .00003 

60.00 

.00067 

—  .00003 

7E  S-19-69   COMPN.  CREEP 

CONFP»1.0000  DEVP-3.3600 

_H1GHT«2.R125DIAMR«1.3125 

TIME  AXL.STRN  RDL.STRN 

.02    ,n0204  _, 00010 

.04  -  .00213  —.00010 — 

.06    ,00?17  —.00011 
.10    .00226  -.00012 

.40- .00235  —.00013— 

1.00    .00244  -.00013 
2.00    .00247   -.00014 

4.00 .00252  —.00015- 

6.00    .0025R  —.00016 
10.00    .00261  _. 00016 
20.00   -  .00267  _. 00016  ^ 
40.00    .0026R  -.00017 
60.00    .00274  -.00018 


10F  R-26-6R  COMPN.  CHtEP 
CONFP»2.0000  OE«P=2.5100 
HIGHT»2.81250IA"»=1 .3  125 
TIME  AXL.STRN  RnL.SlRN 
.04    .0012R  -.000  0 7 
.06    .00130  —.000  >7 
.10    .00132  _.000o8 
.40    .00139  _.000oB 
1.00    .001*2  _. 00009 

2. no  .npl49  _. oooio 

4.00  .00151  -.00010 

6,oo  ,nnl53  —.oooio 

10.00  .00155  -.00010 

20.00  .00160  -.00010 

40.00  .00167  —.00010 

60.00  .00169  -.00010 


1.      Kneading     lompaction  -  60  11  -  , 


3J   1-20-70   COMPN.  C^FFP 

3J   1-21-70   COMPN.  CHI  K> 

2J   1-1 

S-70   COmPN,  rpffP 

CONFP»l 

•oonn  OEVP"i .0300 

CnNFPal 

.0001  nFVP«T,7'»''  0 

CONFP.] 

.Onon  OF VP«3.3300 

HIGHT«2 

.81?^DIAMR»1 .3125 

HIGHT«2 

.8)  2C*D!AMR*1  .31  ^5 

MIGHT«2.8125DIAMP»1 .3125 

TIMF 

AXL.STRN  RDl  .STRN 

TIME 

AXL.STRN  RPl .STPN 

TIMr 

A  XL .STRN 

RDl  .STPN 

.0? 

.00057   _. 00004 

.02 

. 0034^   _. 00048 

.02 

.00395 

-.ortOSO 

.04 

.00059  —  .00004 

.04 

.00377  _  .nOO'jO 

.04 

.00416 

-.00055 

.06 

,00060   _. 00004 

.06 

.00388   —.00051 

.06 

.00420 

_ .00055 

.in 

.00061   _. 00004 

.10 

,00395   _  .000'. 4 

.10 

.00427 

_ . 1005* 

.40 

.00062  _. 00004  . 

.40 

.00423  _  .00058 

.40 

.00444 

—.00060 

1  .00 

.00063   _  .00014 

1.00 

.00430   _  .000M 

1  .00 

.00462 

_ .000*4 

2.00 

.  0  0  0  6  S   _.000  0  4 

2.00 

.00452  _. 00064 

2.00 

.0046*, 

_.O0065 

4.00 

.00068   _. 00004 

4.00 

,004'->9  _, 00167 

4.00 

.00469 

-.00067 

6.00 

,00069   _.  00004 

6.00 

.004*2   —.00068 

6.00 

.00480 

—  .00070 

10.00 

.00071   _.O0004 

10.00 

.00473   -.00071 

10.00 

.00491 

-.00072 

20.00 

.00072  _. 00004 

20.00 

. 00491   _  .00074 

20.00 

.00498 

_.OO073 

40.00 

.0007S  —.00014 

40.00 

.00c01   _. 00079 

40.00 

.00505 

_ .00076 

60.00 

,00180   _ .00004 
>0-70   COMPN.  CWFFP 

60.00 

3J  1-; 

•0OSO8  _ . 00082 

60.00 

.00516 
15-70   CO' 

—.00080 

3j    1-; 

?l-70   COMPN.  C°EEP 

2J   1- 

4PN.  CWEEP 

CONFP«] 

[  .0000  OFVP«l  .9^00 

CONFPo 

1.0000  DEVP*4.7"00 

CONFP«l 

3.0000  DEVP»2.2900 

.  HIGHT=2.8125DIAMR=1 .3125.. 

HlGHTa; 

».8]250IAMRr] .3125  . 

-HIGMTai 

>.6125DIAMR«1 .3125 

TIMF 

AXL.STRN  RDl .STRN 

TIMF 

AXL.STRN  RDl .STRN 

TIMF 

AXL.STRN 

RDL. STRN 

.02 

.00124  _, 00006 

.02 

,00c'65  -.00117 

.02 

.00244 

—.00021 

.04 

.00125  —.00006  

.04 

.00594  _, 00128 
,00604   -.00134 

.04 

.06 

.00254 

—  .00022 

.06 

.00131   _. 00006 

.06 

.00258 

—  .00023 

.10 

.00134   —.00007 

.10 

,00629   -.00139 

.10 

.00268 

_ .00024 

.40 

.00142  —.00007 
.00148  —.00009 

.40 
1  .00 

-  .00672  —.00153  _ 
.00*97  -.00163 

.4  0 

.00279 

—.00026 

1.00 

1.00 

.00285 

—.00026 

2.00 

.00151   -.00010 

2.00 

,00718  —.00170 

2.00 

.00293 

—.00027 

4.00 

.00156  —.00010 

4.00 

.00743  —.00182  _ 

4.00 

.00295 

—  .00028 

6.00 

.00160   _.000l0 

6.00 

.00750   _. 00186 

6.00 

.00300 

_ .00029 

10.00 

.00163   -.00010 

10.00 

.00779  -.00193 

10.00 

.00303 

—  .00029 

20.00 

.00168  —.00011 

-20.00 

.00804  —.00207  _ 

-  20.00 

.00310 

—  .00031 

40.00 

.00178  -.00012 

40.00 

.00832  _,00217 

40.00 

.00318 

-.00032 

60.00 

.00180  —.00013 

60.00 

.00853  _  .00226 
15-70   COMPN.  CREEP 

60.00 

.00321 

-.00032 

3J   1- 

20-70   COMPN,  CREEP 

2J   1- 

2J   1- 

15-70   CO"PN,  C«ttr 
0.0000  DEVP«1.4900 
2.81250IAMR«1.3125 
AXL.STRN  RDl .STRN 

CONFPn 

.  HIGHTa 

TIMF 

1.0000  DEVP«?.B600 

2.81?5DIAMR«l .3125 

AXL.STRN  RDL. STRN 

CONFP- 

_HIGHT» 

TIMF 

0.0000  DEVP«4.2400 
2.8125DIA"-R»1.3125 

AXL.STRN  RDL. STRN 

CONFP» 

_JtIGHT« 

TIMF 

.02 

.00212  —.00019 
.00220 .00020 

.02 
.04 

,00604   _,  00102 
-  .00629  — .00105 — 

.02 
.04- 

.001 3  J 
.0014Q  _ 

.  v  u  U  1  c 

.00013 

.04- 

—  .00013 

—  .00013 

—  .00015 

.06 

.00225  —.00021 

.06 

.00640  —.00109 

.06 

.00144 
.00149 

-  .00158 
.00164 
.001^8 

_ .00170 

.10 

.00233  -.00022 

.10 

.00644  —.00113 

.10 

.40 

•  00247  .   .00023 

.40- 

1.00 

.00676  .00119  — 

.00693  —.00121 

.40 
1.00 

1.00 

.00258  —.00025 

_  .00015 
—  .00015 
.00015  - 

2.00 
4.00 

.00267  —.00026 
,QQ?71  .00027 

2.00 
4.00 

.00711  -.00125 
.00715   -.00129 

2.00 
.  4.00 

6.00 
10.00 
20.00 

.00276  -.00027 
.00281  _.0002<' 
.00267  —.00029  - 

6.00 
10.00 
20.00 

.00722  -.00133 

.00747  —.00134 

-  .00750  —.00141 

6.00 
10.00 
20.00 

.00171 

.00175 

_  .00178 

_ .00016 
_  .00016 
.00016  . 

.00185 
.00188 

—.00017 
-.00017 

40.00 

.00296  -.00032 

40.00 

.00772  —.00143 

40.00 

60.00 

.00302  _,00032 

60.00 

.00782  —.00149 

60.00 

1.   Kn  -  -  Kl 


2J   1-19-70   COMPN.  CKFFP  BJ   1 -1 ?-70   COMPN.  fUFFP  ?j   |.|A-70   HECOVf HT 

CONFPa0*000(i  devp«4.6900  cnNFP.n.oonn  ofvp«4.?4O0  confp*o.ouoo  i>f  vp./.  .?4oo 

H16HT»2. 812501 AMR»l. 3125  H10HT"2t81250IAMP»l .3125  might =2. « I 2501 AMW= )  .  3  I  ?s 

TIMF  AXL.STRN  RDl.STRN  TIMF  AXI.SlRN  RDI.STPN  T,Mf.  AXL.STRN  Pfil.S'Pw 

.o?   .00690  _.ooi35  «02   .00f>0*  -.00125  1#on   ,0o2io  _,ooo*l 

.04    .00736  -.0013B  «0*    .00619  -.00132  2. no    .OMIH  —  .('00*5 

.Oft     .00743  —.00143  .Oft    .00636  _. 00115  «.on     .00141   _. 000*3 

.10    .00754  _. 00145  .10    .00644  _.0013R  6,nn    ,flOU2   _. 00049 

.40    .00769  -.00153  .40    .O066R  —  .00145  h.00    .00139   _.000i7 

1.00    .OORlR  -.0015R  1«0fl    •00690  _, 00151  10.00    .00135  _.f,00J6 

2,00    ,00«?fi  _. 00161  ?.00    .00711   _.001S3  20.00    .noli;  _.000J3 

4.00    .00R50  -.00165  4.00    .0071R  _. 00159  30.00    .OOUO   _.OOOJ1 

6.00    .00P57  _.0016R  6.00    .00736  _. 00162 

10.00    .00R71  -.00170  10.00    .00747  -.00169 

:!:!!!    :0»:«!  _.ooiR5  6o.ro    .00793  _.ooi*5  ^SrR&^.-sg; 

TlMfc.  AXl.STun  POL.S'RW 

8J      ,.,2-70      CO.PN.    CREEP  I'llfl™      TvtuliOO  l'l°         '^l    Z'Mlll 

CONFP.0.0000    DEVPM.5300  "NFP  =  0.0    lln            I       3    25  ^,P°          •°ni7M     -."0040 

..H1GHT-2.8125DIAMR-1.3125  "'            ?I                         n    '  p*"0          •°nl71      --00038 

TIMF   AXL.STRN   RDL.STRN  /    f           !  ,*-0°         ' 00 ' S3     - • P0OJ5 

.02          .00130      -.00013  I'0.0.          'Hill     -'J;;,;  ^*°°          •00U2     -.00032 

__*flA__.O0133    -.00013  I'H         'Ultl     -  2°>™         -00139     _.000J1 

■?s  •sms  -ussi?  J.!    "oo°o33?  =:::«!  3o-°n  •••>« 

.10    .00141   -.00013  .0002R  -.00005 

.40    .00148  _. 00014  }•»«            _.OUOJS 

1.00    .00152  -.00014  *»•«     OO023     O00J5 

2.00    .00153  -.00014  ^0.00    .00023  -.&00U3  flJ   j. ,,_.,„   HECnvEHr 

4.00  .  .00156  -.00015  30*0n    '00°"   -•»00,W  CONFP  =  0.0000  r)EVP*]  .SJOO 

6.00    .00159  —.00015  HI0HT=2.B125DTA*R=1 .3125 

10.00    .00160  —.00015  2,       ,.^.7n   RECOVERY  TfME  4*L.STRN  RnL.STRN 

20.00       .00165    _.oooi6  CoNFP=o.oooo  nFvp  =  2. ?^oo  uno       -0003*    -.™oui 

40.00          .00169     -.00016  u,r«T-9    H , sen r «MQ- 1     3t?5  2>0n          •nnn?7     -.00000 

60.00          .00171      -.00016  HlVZl *lV ?tVat   «;,     lilt  *-00          «00021       O.OOOJO 

time  axl.stwn  rdl.sihn  nn01R  0  oon  ,0 

1.00    .00JR2  -.00013  *                   '0001R   °-C^)0 

9  ««     "„m      oonl?  H.no    .00017   O.OOOJO 

f'nn    'no  lo  "'  »0.00    .00017   O.OOOJO 

BJ   1-12.70   COMPN.  CREEP  ^      |    ^  ^  20.00    .00016   O.OOOjO 

CONFP.0.0000  DEy/P  =  ?.R600  *;°°    '"Soli  1.000.19  30.00    .O0C01   O.OOOJO 

.»lGHTa2.8125DlAMR=1.3125  10.00    .00051   _.000J9 

TIME  AXL.STRN  POl.STRN  20.00    .00045  _.000o7 

.02    .00284   -.00040  30.00    .0003R  _. 00007  8J   |-19-70   nECOVERY 

»04—  .00302  _. 00041 CONFP=0.0U00  DEVP=4.2*00 

.06    .00309  -.00043  MIGHT*?* 8 1 250  I AMR  = 1 . 3 125 

.10    .00320  -.00045  2J   j.jS-7fl   REcnvERY  TIME  AXL.STRN  RDL.SIRS 

_  .40 .00327 .0004B  CONFP  =  O.OUOO  nEVP  =  3.3300  1.00    .00220  _. 0003b 

1.00    .00341   -.000^0  MIGHT=?.812bniAVRxl.3l25  2.00    .00^06  -.000*8 

2.00    .00348   -.00051  TimE  aXL.STHN  RDL.SFHN  4.00    .00181   -.00042 

4.00   -.00356  —.00052  ^pn    ;00ll4  -.00031  6.00    .00178  _. 000*0 

6.00    .00359  -.00054  ^^    ,n0l03  —.00027  8.00    .00171   -.00039 

10.00    .00363  -.00055  ^pn    .n007fl  _. 00023  10.00    .00160  -.00035 

20.00    .00370  -.000^6  b>Q0    ,0007s  _. 00023  20.00    .O0U6  -.00031 

40.00    .00380  _.0005R  8>po    #no071  -.00022  30.00    .00142  _. 00029 

60.00    .003PA  -.00060  ,0>0(J    ,n0071  -.000^0 

30.00    .00057   _. 00018 
30.00    .00043  -.00015 


1 .      Kneading  C<  ;ion  -   60   lbs. 


3J    1-20-70    RECOVERY 
CONFP-1.0000    DEVP-2.8600 
HI0HT"2.81?5DIAMR»1.3125 
TIME    AXL.STRN    RDL.STRN 
1.00  .00071      _, 00009 

2.00  .00060     —.00007 

4.00  .00052     -.00006 

6.00         .000*9     -.00005 
8.00         .000*5     -.00005 
10.00         .000**     —.0000* 
20.00         .00036     -.0000* 
30.00         .00035     _. 00003 


m     ?-i«-m  i  <H.    .  • 

I.  )  III'- 1 .  J  '  •         J  '    ■ .  • 

Hi    ,"l  =/.rt  I  2  .  lM«'  •  1  .   II 

r  i  ^r    m  . .  .  r '  t    <)...i 
.10     - .  )  j  :  ri        .  ,    . 

.20        -.  Jjl   V>  .   J  11      -I 

. '.  a     - .  J  3  ?o  i       .  j  j  i '.  i 

.  b3  - .  J  J.'  1  ?  .HIM 

l  .JO  -  .  I  )■'  l'.  .13  I  Ml 

2.30  -  ,  3  3  2  2  3  .^ 

4.  DO  -.  J  J,'?'.  .   >)W»/ 

s  .  j  a     -.33225       .  i )  i  ru 

10.)')  -.332H  .JJ177 

,'3.  j  )  -.  )3  >  y,  .a    .  • ' 

13.30  -.  3  32*7  .33  I'M 

<-3.  JO  -.  J  J  "•'•  .31111 

'.j.  i  )  -  .  1  >.''.<•  .  J  )  1  '»'> 

(.3.33  -.li".''  . .'  )1    '  ' 


ID  J      2- 

18-/0     f  XI  M 

.    :  u  t  ' 

C  0  '^  f-  P  =  1 

.0300   HFV> 

-  l.S»/  11 

hi  ;ht=2 

.  31 ?sni  \*  ' 

=1.31/ H 

r  ikf 

MCcSUN    *PL.S 

.  10 

-  .  1)  18? 

.OOU  III 

..'3 

-.30103 

.0)0  It 

.'i0 

-  .  3  0 1 1  6 

.030  n 

,'j'j 

-  .  )  3 1  ?  1 

,100Tb 

1  .JO 

-.33123 

.0307  ) 

2  .  J  3 

-.30126 

.03080 

*.30 

-.30126 

.03081 

6.  JO 

-.33126 

.03081 

10.  JO 

-.33128 

.JJO'K 

20.  JO 

-.30128 

. 0  J    "IH 

30.03 

-.30120 

.  J'J  JU  J 

<.3.33 

-.3312H 

.')  )UJU 

SO.  JO 

-.33128 

. 0  3  0 13 

63.30 

-  .  0  3 1 2  => 

.  J  VI  »fc 

13J      2-18-Ti   Mil,    :*i r 
HI.,Mr  =  2.al25niA«*=l«  H/  • 

i\x..f  t<m  <  )l.st<«< 

-.33*52  .0328' 

-.33*66  .032H 

-.33*07  .J331? 

-.3  )'<  )f  •        )lv 

-..33523  .03322 

-.3352*.  .0337ii 

..jv.n  .j;v.' 

..3350  .033S/ 

..3  ,SS5  -J  '*"  ' 

-.33565  .03363 

-.33.-3  .Oj3Th 

-.33>1?  .03313 

-.j  j '.oi,  .j3»J'' 

-.3  360*  .03381 


T  IMF 

.  13 

.23 

.*0 

.S3 

1.00 

2.  30 

*.30 

S..'"> 

13.33 

23.  J3 

33.33 

*0.33 

53.00 

63.00 


2.  pact   Cor,         Lon  -  H5  Blow      - 


6D  7-18 

-69  COMPN.  CREEP 

60  7-19-68  COMPN.  CREEP 

CONFP.O 

,0000  OEVP-  .9170 

CONFP"! 

D.0000  OEVR-3.6700 

MIGHT"? 

.8125DIAM*. 1.3125 

MIGHT" 

2. fll?5DIAMK. 1.3125 

TIME 

AXL.STRN 

HoL.STRN 

TIME 

AXL.STRN 

KUL.STPN 

.0? 

.0010; 

-.00016 

.0? 

.00249 

-.00039 

.0* 

.0010« 

-.00002 

.04 

.00267 

-.00045 

.06 

.00110 

-.00002 

.06 

.00274 

-.00046 

.10 

.001 12 

-.00002 

.10 

.00?84 

-.00048 

.40 

.00116 

-.00002 

.40 

.00295 

-.00051 

1.00 

.00117 

-.00002 

1.00 

.00313 

-.00054 

2.00 

.00119 

-.00002 

2.00 

.00320 

-.00055 

4.00 

.00124 

-.00003 

4.00 

.00324 

-.00057 

6.00 

,0012s 

-.00003 

6.00 

.00325 

-.00058 

10.00 

.00126 

-.00003 

10.00 

.00327 

-.00059 

20.00 

.00130 

-.00003 

20.00 

.00329 

-.00061 

40.00 

.00133 

-.00003 

40.00 

.00341 

-.00061 

60.00 

.00134 

-.00003 

60,00 

.00348 

-.00062 

60  7-18' 

-68  COMPN.  CREEP 

120  7-20-68  COMPN.  CREEP 

CONFP»0 

,0000  OEVK«1.8300 

CONFP-0 

1.0000  DEVP.1.8350 

HIGHT"2 

•8l2?DlAM^»1.3125 

HIGHT"J 

'.B125DIA.I 

■1R.1.3125 

TIME 

AXL.STRN 

rtuL.STRN 

TIME 

AXL.STRN 

RoL.STRN 

.02 

.0018^ 

-.00010 

.0? 

.OOOgo 
.00160 

-.00014 

.04 

.00168 

..00010 

.0« 

-.00020 

.06 

.00192 

-.00010 

.06 

.00178 

-.00022 

.10 

,00196 

-.00010 

.10 

.00185 

-.00022 

.40 

,00203 

-.00011 

.40 

.00213 

-.00023 

1.00 

,00206 

-.00012 

1.00 

.00217 

-.00023 

2.00 

,00?Ob 

-.00012 

2.00 

.00220 

-.00024 

4,00 

.00212 

-.00013 

4.00 

.00222 

-.00025 

6.00 

.00212 

-.00013 

6.00 

.0022s 

-.00025 

10.00 

.00215 

-.00013 

10.00 

.00231 

-.00026 

20,00 

,00228 

-.00013 

20.00 

.00238 

-.00026 

40.00 

,00229 

-.00014 

40.00 

.00242 

-.00026 

60,00 

.00235 

..00015 

60.00 

.00249 

-.00273 

140  7- 

?t-<  >i  roc 

n»|.  t 

CONFP- 

1  .Ooon  n«  dujI . -1 «t 

MTfiHTs 

?,H)?SIIIA 

""i| .3) PS 

TIME 

M      .STCJ'i 

O'H  .',T'"i 

.<•? 

,00053 

- . 0O«0' 

.14 

,  f  0|f,4 

-.OU101 

."*> 

,' 0044 

-.oovJOi 

.10 

.'  IJ071 

-.00001 

.40 

,0007? 

-.0  0 

I  ."O 

.'"073 

•  -  .  00 

2,0  0 

.rouTS 

-. 00O03 

4  .  n  n 

. ( on r b 

-.OVOOI 

h,  0,1 

.00071 

-.  ii)"i 

10. on 

.  -oi,w? 

-.OOOOI 

20.00 

.noims 

- .  '1 0 

40, on 

.  ""nils 

-.000'". 

60.  nn 

,"UO<*9 

-.000(14 

14U    7- 

CON*-P  = 

HIGHTa 

TTHE 

.o? 
.04 

.06 

.in 

.40 

1  ."O 

2.00 

4. on 

6. on 

10.  no 

20.  on 

40.00 

6n, on 


??-'»  C0»i 
l.Uf-00  OF 
2.H12SHTA 

A*i  .stijh 
.Oi)100 

."0107 

."inn 
.noi 14 

.ooi  <? 
."11 3S 

.  .'  0  1  fQ 
.00140 
•r0140 
.'014? 
."0)4? 

.  i>01  44 

."0|46 


r>M.  cwEt"! 
Vt>=  1  .V300 
•«p=1  ,T]  r>^ 
"01  .STO-, 
-.OOJUS 
-.OOOO^i 
-.O09OA 

-.00  10  7 

-.00007 
-.00030 
-. 0000O 
-.OOOQg 
-  .  o  0  u  O  4 

- .  n  o  0 1/  o 
-.0C01 o 
-.0U11  ] 

-.OOOlo 


60  7-1 

CONFP" 

HIGHT" 

TIME 

.02 

.04 

.06 

.10 

.40 

1.00 

2.00 

4.00 

6.00 

10,00 

20.00 

40,00 

60,00 


8-68  COM 
0.0000  n 
2.812SDI 
AXL.STR 
.00231 
r«0245 
.00247 
.00249 
.00258 
.00265 
.00267 
.00268 
.00274 
.00280 
.00292 
.00299 
,00302 


PN.  CREEP 
EVP-2.7500 
AMtf.1.3125 
N  HJL.STRN 
-.00024 
-.00025 
-.00026 
-.00026 
-.00028 
-.00029 
-.00030 
-.00032 
-.00032 
-.00032 
-.00034 
-.00035 
-.00037 


120  7-2 
CONFP"0 
HIGHT"2 
TIME 
.02 
.04 
.06 
.10 
.40 
1.00 
2.00 
4.00 
6.00 
10.00 
20.00 
40.00 
60.00 


0-68  COMPN 
.0000  UEV»» 
.8125DUMH 
AXL.STRN  *. 

.001&0 

,00249 

.00277 

.00284 

.00313 

.00320 

.00324 

.00327 

.00329 

.00330 

.00338 

.00345 

.00346 


.  CREEP 

.2.7500 

.1.3125 

OL.STRN 

.00019 

.00032 

.00034 

.00035 

.00039 

.00041 

.00042 

.00043 

.00045 

.00045 

.00046 

.00046 

.00048 


140  7- 

CONFP- 

HIGHT- 

TIME 

.02 

.04 

.06 

.10 

.*0 

l."P 

2.no 
4. on 

6.00 
10.00 
20.00 
40.00 
60.00 


?7-*fl  cn 
1 .O"00  n 
?.Bi?sn| 

ftXi  .STQ 
.'0114 
."013? 
."0] 39 

.roi 39 
.1-0)4? 

."01  S3 
.-•ni  74 
.ooi  '« 

.001 7R 

.ooiri 

.O01R1 
,^01«S 
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mpn.  CWFff 
r*/P=?.r(S"1 
AMRsI .M?^ 
N    Pol   .STD'J 
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-.noOli 

- . o  00 1 s 
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-.1)001  " 
-.OOO In 
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-.OUO?'1 
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-."OOJT 


2. 


Impact  C      Lon  -  45  Blow   -  Ki 


1*0     7- 

?q_.  n    COMPN.     C"l  FP 

160      o- 

3-AA       COMPN.    r>FFP 

3G      5-1 

-A9       r.r.MPn,     rnFFP 

CONFPr 

I  .On 00    Of 

Wps't.bHI  > 

COMFP"! 

.onoo  oevp"4.bioo 

CONFP") 

.oonn    nrvp-i .0300 

HTtiHT- 

?,H  I  ?siiT*Mf's  1.31  'J'i 

HIGHT-2 

.B^DIAMR") .3125 

HIGHT»< 

I.B125DIJ. 

»R"1 ,31?5 

1  IMF 

A<l    .STUN 

em  .  ,i  i  ■ '  i 

TIMr 

AXL.STRN 

ROI   .STRN 

TIMF 

AX|   ,<,TBN 

PCM   .STRN 

•  t? 

.  "  U  1  ^', 

-.00  Hi'. 

.02 

,oo?bi 

_  .000) ? 

.0? 

.00026 

_. 00003 

,{)* 

.  n  o  ?  1 1 

-.111)0  1  ? 

.04 

.0029? 

_.nooi4 

.04 

.00027 

_ .00003 

.  Oft 
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_.nnni  4 

•  Oft 
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.10 
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_. 00014 

.10 

.00028 
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.40 
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.40 
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1  .  "  0 

/mi* 
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1  .00 

.00327 
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.00036 
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2.00 

.00338 
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2.00 
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_.000O3 
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4.00 
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_  .000)fl 

4.00 

.00037 
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(..on 
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_.oooo3 
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10. on 
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-.00003 

2o.no 

.  P  0  1 7  7 
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20.00 

.00363 

_.000?1 

20. no 

.00043 

-.00003 

4  0.00 

.10  (-IM 

-.000?? 

40. on 

,nn373 

_.0O0?3 

40.00 

. 00O44 

—  .00003 
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8-3- 
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■  ?.B 
F  AX 


6B  C 
000  D 
125DI 
L.STR 
0012B 
00139 
00142 
00153 
00160 
00171 
00174 
00176 
00176 
0017B 
00181 
001B5 
00187 


OMPN.  CREEP 
EVP"?.980O 
AMR"1.3125 
N  RDL .STRN 
—.00008 

—  .00009 
—.00010 
-.00010 
—.00011 
-.00012 
-.00012 

—  .00012 
-.00013 
-.00014 
—.0001* 
—.00016 

—  .00016 


12G   •> 

CONFP" 

HIGHT" 

TIME 

.02 

.04 

.06 

.10 

.40 

1  .00 

2.00 

4.00 

6.00 

10.00 

20.00 

40.00 

60.00 


-4-cq  c 
1.0000  0 
2.812501 

AXL.STR 
.00031 
.00036 
.00036 
.00038 
.00041 
.00044 
.00045 
.00046 
.00047 
.00048 
.00049 
.00052 
.00055 


Ompn.  CRFEP 
EVP=1 .0300 
AMR»] .3125 
N  RDl .STRN 

_  .onon3 

—  .00003 
_ .00003 
_ .00004 

—  .00  004 
-.00004 

_ ,nnon4 

—  .00004 

—  .00004 

—  .00004 

—  .00005 

—  .noons 
_.nnon5 


3G   5 

CONFP 
HIGHT 
TIM 
.02 
.04 
.06 
.in 

.40 

1.00 

2.00 

4.00 

6.0O 

10.00 

20.00 

40.00 

60.00 


-1-C9   CO" 
1.0000  DE 
"2.8125DIA 
E  AXL.STPN 
.00065 
.00068 
.00071 
.0007? 
.00080 
.00081 
.00084 
.00088 
.00089 
.00090 
.00091 
.00097 
.00099 


PN.  CRFEP 
VP«1 .9900 
MR=).3125 
ROI  .STRN 
-.00010 

—  .00010 

—  .00010 

—  .0001  0 

—  .00012 
—.00013 

—  .00013 

—  .00013 
_  .00013 
—.0001* 

—  .00014 
-.00015 
-.00015 


16D   8 

CONFPr 

HTGHT= 

TIME 

.  02 

.  04 

.06 

.10 

.<«0 

1.  00 

2.00 

4.  0  J 

6.00 

10.  00 

20.00 

40.  00 

60.00 


-3-68   COHPM 

1.0000  OEVP  = 

2.R1250I AHP= 

AXL.STPN  PO 

, 00196   -. 

,00206   -. 

.0P21P   -. 

.PP22P   -. 

.open  -. 

.00242 
.0024";   -. 

.1024=;  -. 

.  n?uq  -. 
.jr24<i  -. 

.002*2  -. 
.00267  -. 
•0C274   -. 


.  CPTE13 
3.8901'. 
1. 3125 

L.^TPN 
B  0  u  0  1 

oocon 
aor„a 

00010 
Ojnio 

00010 

oorn 

0Dul2 
00012 
0  0  014 
[I0L14 

o  0  u  1 4 


9G  3-? 

CONFP" 

HIGHT" 

TIMF 

.02 

.04 

.06 

.10 

.40 

1.00 

2.00 

4.00 

6.00 

10.00 

20.00 

♦  0.00 

60.00 


1-6 

1.0 

2.8 

AX 


q  comp 

OOO  DEV 
125PJAM 
L.STRN 
00019  _ 
00025  _ 
00027  . 
00029  . 
00033  - 

00036  . 

00037  - 
00038 
000*0 
000** 
000** 
000*6 
00050 


N.  CRFEP 
P«l .0300 
R»l .3125 
RDL. STRN 
-.00004 
-.0  00  0* 
-.0000* 
—.0000* 
-.0000* 
-.00005 
-.00005 
-.00005 
-.00005 
-.00005 
—  .00005 
-.00005 
—.00005 


3G   5-1 
C0NFP"1 
H1GHT«2 
TIMr 
.02 
.0* 
.06 
.10 
.40 
1.00 
2.00 
4.00 
6.00 
10.00 
20.00 
*0.00 
60.00 


-69   COM 
.0000  OE 
.8125DIA 
AXL.STRN 
.00107 
.00112 
.00116 
.00119 
.00131 
,001*0 
.001** 
.00150 
.00153 
.001*0 
.00165 
.00172 
.00176 


PN.  CREEP 
VP»?.8«'00 
MR"1.3125 
RPL .STRN 
_.000?1 

—  .00022 

—  .00023 
-.00023 

—  .00026 

—  .00028 

—  .00029 
—.00031 

—  .00032 
-.00033 

—  .0003* 
-.00036 
_.C0038 


2.  .action   -    45    blow.;    -    Y 


3G      5- 

cdnfp» 

HIGHTb 
TIME 
.0? 

.04 

.06 

•  in 

.40 

1  .00 

?,00 

4.00 

6.00 

10.00 

20.00 

40.00 

60.00 


1-60 
1  .000 
2.812 

AX|_. 
.00 
.00 
.00 
.00 

.oo 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


COMD 

0    DFV 

5DIAM 

STRN 

?95 

309 

3?0 

324 

14fl 

359 

363 

377 

384 

391 

395 

405 

427 


n.   r 

P«4. 

R*l  . 
RDl  . 

_.no 

...00 

_  .00 
_.00 
-.00 

_  .00 

_.  no 

-.00 
-.00 
-.00 
-.00 
-.00 

_.oo 


REEP 

70  0  0 

3  1  ?5 

STRN 

OHO 

0fl4 

0H6 

0«7 

093 

0«6 

1  0  0 

1"3 

105 

1  09 

113 

117 

1?1 


1  4  r,     «  - 
CONFPal 

HIGHT»? 

T  JMF 

.0? 

.04 

.06 

.10 

.40 

1  .00 

2.00 

4.00 

6.00 

10.00 

20.00 

40.00 

60.00 


11-69       COMPM.     CRFEP 

.oooo  nFvP«i.9Soo 

.8I?501AMR«1  .3125 
AXL.STPN  PH|  .stpn 


an 

'.   I 

Ml 


.0014* 
.00152 
.001S6 
.00)60 
-.001  68 
.0017] 
.00  177 
.001 79 
.0018? 
.00)84 
.00184 
.00187 
.00195 


-.00009 

—  .00009 
-.00010 
-.00010 

—  .00010 
_  .00010 
^..0001  1 

—  .0001  1 

—  .0001  1 
-.00012 

—  .00012 
-.0001  3 
—.00013 


5 

1  ) 

2  J 
13 
40 
53 
63 


in 

i' 
,  11 

'  I  ' 
.  I  i 

. 

. ;.  i 

.  to 

.  ' 
.  ('I 

.  n 

. 

.    < 
.  i 

.33 

.  JO 


I  .  )  •  > 

/.     I  ? 

'.  ■   . 

-  .  I  i 

-  .  )  i 
-.33 

-  .  )  J 

-.  )  ) 
-.  )  i 

-  .  • 

-  .  >  i 

-  .  J  ) 
-.  )  ) 

-  .  > 
-.33 


<  ■  ,     < 


-  I  ' 
I )      ■  ■ 

■ 


3G   5- 

CONFPa 

HIGHT* 

TIME 

.02 

.04 

.06 

.10 

.40 

1.00 

2.00 

4.00 

6.00 

10.00 

20.00 

40.00 

60.00 


1-69   COMP 
1.0000  DEV 
2.A125DIAM 
AXL.STRN 
.00651 
.00683 
.00700 
.00715 
„00750 
.0078? 
.00796 
.00814 
.00818 
.00836 
.00853 
.00878 
.0089? 


N.  CREEP 
P=*.53O0 
R«l .31?5 
ROl .STRN 
-.00009 
-.00010 
-.00010 
-.0001 0 
-.00010 
-.00010 
-.00010 
-.0001 0 
-.00010 
-.0001 0 
-.0001 1 
-.0001  1 
-.0001  1 


14G   5 

CONEPs 

HIGHT= 

TIME 

.02 

.04 

.06 

.10 

.40 

1  .00 

2.00 

4.00 

6.00 

10.00 

20.00 

40.00 

60.00 


-11-6 

1.000 
2.81? 
AXl. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 


9   C 

0  DF 

50IA 

STRN 

459 

491 

498 

505 

512 

533 

537 

544 

54fl 

558 

565 

^69 

57? 


OMPM.  CREEP 

VPB4.7O00 

MP«1 .3125 

RDl .STRN 

—  .00081 

_. 00087 

_ .000H9 

_.0009l 

—.00094 

—.00097 

—.00099 

—  .00100 

—  .00111 

—.00103 

—.00105 

—  .00106 

—  .00108 

8H 

r.  j  i 

HI  , 
T 


in-?  ,-■. 
FP=1.33J 
HT-2.H124  1  '• 

I  *F  M-   .   i   • 
-.  J  )  I  >" 


I  . 

2. 

4  . 

6. 
13. 
23. 
33. 

<o. 

63. 


n 

20 

'.O 
■.o 

33 

J(l 

JO 

J ) 

03 
30 

00 
JO 
00 

on 


-.33167 

-.30  W4 
-.33181 
-.  10!  '1 
-.00!  i> 
-.30 
-.3321/ 
-.33221 
-.0  0  >4P 
-  .  i 

-.33261 
- .  13273 
-.  J  w 


. 
-  - . .  j  i 2  . 

X  Jl.SH 

.■oi 

.  j:  i64 

. 
.  J  1 

.  J    !        ■      ■ 

.  -   '74 

.   ■  I  I 
.  j  )  >r  > 

.  i  )*/ 

IHHH 

.J   ■      ■ 


14G   <c- 

CONFP.l 
HIGHT=? 
TIMF 
.02 

..04 

.06 
.10 

.40- 

1.00 

2.00 

4.00 

6.00 

10.00 

20.00 

40.00 

60.00 


11-69 
.0000 
.8125 
AXL.S 

.oor> 

.000 
.000 
.000 
.001 
.001 
.001 
-.001 
.001 
.001 
.001 
.001 
.001 


COM 
DEVP 
DIAMR 
TRN  R 
89 
92 
95 
99 
06 
08 
11 
15 
16 
17 
22 
26 
31 


PN.  CREEP 

■  1  .0300 

*1.3125 

DL.STRN 

.0000? 

.00002--- 

.00002 

.00002 

.00002  _ 

.00002 

.00002 

.00002 

.00003 

.00003 

.00003 

.00003 

.00003 


14G   5 
CONFP= 
MIGHT* 
TIME 
.02 
.04 
.06 
.10 
.40 
1.00 
2.00 
4.00 
6.00 
10.00 
20.00 
40.00 
60<00 


-11-69   CO 

1.0000  DEV 

2.812SDIAM 

AXL. STRN 

.00907 

.00924 

.00946 

.00064 

.00992 

.01031 
.0105? 
.01070 
,01088 
.01106 
.01134 
.01141 
.011T0 


MPK1.  CREEP 
pef.,5300 
R«1.3125- 
RDL.STRN 

-.00254 

—.00267 

—.00283 

_.002«9 

—  .00302 
—.00322 
-.00325 

—  .00338  _ 

—  .00344 

—  .00351 

—  .00354 
—.00367 
-.00373 


8H       \">-2 J-'    '  '  '   • . 

CO'JFP^l.  00J  ■    3FV.'=5. 
HI  jHT  =  2.8l2nPI  \'1<  =  1  .  U?  > 
I  IMF     AXL.STtN     UL.:,l(i 


1. 

2. 

4. 

b  . 
10. 
20. 
30. 
40. 
■)0. 
60. 


13 

20 
40 
t>0 
00 
00 
00 
00 
JO 
00 
00 
0  0 
0  0 
00 


-.00     13 

-  .  J  J  2  1  7 
-.33 

-.  JJ?  J^ 

-  .  J         >4 

-  .  J  J 
-.30.71 
-.30^> 

-  .  ) ? 2rt h 

-  .)JT)>> 
-.33  MS 
-.3  3  l?"> 
-.33332 

-  .  3  3  <  4  '. 


.  j  i  i  ■  > 

.J  M  U' 
•  j  IllVi 

.  j  1 1 ;  2 

.  J  0  1  r. 
.0)11/ 

.0)12* 
.  JM  "/ 

..1       ' 


act   Compi 


-    klj   Blows   -    Ki 


hm     m- 

28-6  )       Ml 

J.         ■"       1' 

3.1        13-2 

,  i     r  <  i 

1.                i' 

C:HF  P=  1 

,0  33  l    Df'/l 

-  't  .    •  1    '    ' 

f.ll  ll  Pa  1. 

y 

1 

4H         ){- 

10-f9        COMPM,     TPF.EP 

HI   1MT-2 

.  u  1 2  >n  I  a«*  j 

■  1.    tl.     I 

HI   -HI  = 2.1 

1 , ' 'H  :*  ' 

1  .   '  i  /  • 

CONF  P«l 

•  OOr.n    r,FVpc7.4S00 

I  [Ml 

<\<i  . '.i  *  i   ' 

)  L  .  b  T  <   1 

1  Ml'     4< 

.'Ml     > 

II  .'   '  <  I 

HIGHT«2 

•fllPBDIAMR.) .3l?5 

.  1  ) 

-.33)11 

.0)118 

.M        - 

)  )\  )  ' 

•   1 

TMF 

AXL .STRN 

PDl  .ST^>. 

.20 

-."ii'ii 

.0)121 

.20       - 

in'.. 

o   i  '111 4 

.1? 

.00«2S 

_ .0013? 

.40 

-  .  )  i  143 

. 0  >1  2li 

.40       - 

ill'.' 

1   III    ' '. 

.04 

.30R43     . 

_  .  n  0 1 35 

.  V) 

-  .33  I'll 

.0)1  '1 

.63        - 

13136 

'      ■'  1 

.06 

,no«6fl 

_.CP14? 

I.  00 

-.33  )r.) 

.3   11    33 

1.30 

J    '  1  t.  4 

...      '  1 

.  10 

-  00P«<)     . 

_.C0148 

2.33 

-.  )3  )8  > 

.3   11    1" 

2. .  )  3       - 

1 J  1ft  7 

j     1     0 

.40 

.00921     . 

-.00161 

4.0D 

-  .  3  3  *  H  d 

.031 '-  '• 

4.30       - 

13  1/1 

.i.j  1    17 

1  .00 

.  00949 

_ .00164 

5.33 

-  .  )  3 4  I  '• 

.   1  )  1  4  6 

b  .  JO 

13174 

13110 

?.00 

.00<">4      . 

-.00167 

13.33 

-  .  JJ416 

.  m  i  ■>  i 

13.30      - 

13186 

jiii) 

4.00 

.0098S  .  . 

-.00180 

23.30 

-.33.4  27 

.331 '»/ 

20.30       - 

1  )  1   I'. 

)     1  !0 

6.00 

.00996      - 

-.00187 

n.  33 

-  ,  3  3  4  J 1 

.J   J  1  5  :> 

J 3.  0  3      - 

1)13  1 

1)11'. 

10.00 

.01006     . 

-.00193 

43.  13 

-  .  l  ) '. 4 " 

.0316) 

4  3.33 

1314  1 

)  11  16 

20.00 

.01031      - 

-.00196 

33.  JO 

-.3  >43Z 

.03167 

50. JO      - 

13203 

131   '0 

40.00 

.01056      . 

-.00199 

63. DO 

-  .  J    1'.  5  5 

.3)1  till 

6  3.3) 

j      i  '. 

3'i  1  20 

60.00 

.01067     . 

- .pn?03 

an      in 

-2  8- 6  1       f < 

m  .   r.  x  i    p 

5H       in -2 

-  ;   l         F<C  |  v 

.   :-itrP 

co\irp= 

1.3)3'     11   /P  =  4,  '.'.3 

COW  P=  1.333  '     11  /  ' 

4.0    3 

*H      ii- 

10-69      COMPK.    CREEP 

hi  ;ht= 

2.812'ji)IM 

1=1.  S 1 2 1 

hi  ;hi  =  2.i 

1  2''    )l   '.1  ( 

1.3  12'- 

C0NFP«] 

.0000    DEVP«6.0700 

1  IMC 

ml.shn 

<  )L . '.  n-i 

r iif    \< 

. .  r>  r  *  m  < 

Il.UII 

HIGHT»; 

.812B0IAMR»1.3125 

.  13 

-.33416 

.031  '.  J 

.13        - 

)  l!   32 

Ll    )  0  (1  0 

TIMF 

AXL. STRN 

RDl .STRN 

.20 

-  .  3  3'.'.? 

.33163 

.23 

33145 

.33  35  3 

.0? 

.00594 

—  .00077 

.40 

-.33473 

.031 66 

.  4  3 

3315  6 

0  i  i  ro 

.04 

.00626 

—.00081 

.60 

- .  134  8  7 

.3  u  r. 

.60       - 

33160 

003  7  3 

.06 

,00640 

—.00084 

1.00 

-.  3  3'.  1? 

.  0  3 1 IJU 

1  .33        - 

33164 

J3082 

.10 

.00651 

— .0O0«6 

2. 3D 

-.  )3'.  53 

.331"  ) 

2.3  3        - 

33  16/ 

0  3  J  i'  2 

.40 

.00686 

—  .00093 

4.30 

-  .  1  3  5  6  2 

.0)2')) 

4.30 

331-78 

3  )3-'6 

1.00 

.0070R 

_ .00096 

6.3  0 

-.33387 

.0321 V. 

6.30 

)  3  1 85 

303M6 

2.00 

.00715 

—.00103 

13.30 

-.33613 

.0)2  22 

13.30       - 

3  3  1  )  6 

3)3  15 

4.00 

.00736 

—.00106 

23.33 

- . 33656 

.  j  )  2  4  3 

2  3.33       - 

)  )l   )) 

.)  Mi'. 

6.00 

.00747 

—  .00106 

33.33 

- .}Jh  n 

.J  3244 

33.30       - 

1)11) 

i  1086 

10.00 

.00750 

—  .00109 

4  3  .  3  0 

-.33711 

.  0  >234 

43.30       - 

3  3  2  3  3 

03  )86 

20.00 

.0077? 

—  .00109 

53.30 

-  .  3  3  I  3  2 

.03360 

53. j3       - 

3  3  2  3  ) 

33  3H6 

40.00 

.00782 

_.P0113 

63.30 

•J.IMS 

. 03267 

63.30 

}J>.J\ 

.33086 

60.00 

.00793 

-.00116 

5H        10-21-bS 

MM.     l-t'.rp 

SH       10- 

I  )-■.)       CX 

13.     Z  IE  •  P 

4H    n 

-10-69      C0"PN.    CREEP 

COMf P= 

1. 333  1    OfVP=  J.UOO  • 

CCMf-P=l 

.3  333    JEV 

'  =  4  .  > '. ' 

C0NFP« 

1.0000    DEVP»4,7000 

HI  GIIT  = 

2.812'V)I  AHl-l.  H?'> 

HI&HT=2 

. Ml  2601 M*  =  l.  3  125 

__HIGHT» 

2.8125D1AMR-1.3125 

i  Mr 

4 < l  . '.  r  <  \i 

<  >L.!>T*H 

i  Mr 

4XL . S  T  *N 

<  0  L  .  S  1  .<  H 

TIME 

AXL. STRN 

RDL. STRN 

.  13 

-.03071 

.33  )  3  4 

.  13 

-.33423 

.031  II 

.02 

.00366 

-.00038 

.23 

-  .3  J  '  75 

- .  )3  )  rs 

.  30054 
.00037 

.23 

.43 

-.33455 

-.   )3'.  14 

.03187 
.03  203 

_  -.04 
.06 

„..00373 

—  .00039  — 

.<i0 

.003«8 

—.00041 

.63 

-.  33  i  rn 

.1.3  i'.r 

.60 

-.33316 

.032   >6 

.10 

.00395 

—.00042 

l.JO 

-.33  1 H 2 

.33" n  1 

1  .33 

-.33343 

.  33?  .'  ) 

.40  - 

.00423 

.00045. — 

2.3  3 

-.33  )84 

.JO  W.4 

2.03 

-.33-561 

.3320  ) 

1.00 

.00430 

-.00048 

4.30 

-.30086 

.0306  7 

4.03 

-.  3  3344 

.0321 3 

2.00 

.00452 

-.00049 

6.  )3 

-  .  33  1-1-1 

.  00U  re. 

6.  JO 

-.33612 

. 03216 

4.00 

-.00459 

—  .00050 

13.33 

-. 33032 

.03  083 

13.33 

-.336?? 

.  3  3 1 2  i 

6.00 

.00462 

-.00052 

23.33 

-.33131 

. 03(386 

23.33 

-  .  J  3  (.  1 1. 

.3322  I 

10.00 

,00466 

-.00054 

33.  J3 

-.33107 

.0  1086 

33.  13 

-  .  3  1665 

.0).:   ;- 

-20.00 

.00*76 

—  .00055 

43.30 

-.33113 

.3)3  8 3 

43.3  3 

-. 33683 

.  3  12  «5 

40.00 

.00498 

-.00058 

53.00 

-.33116 

.03089 

53.30 

-. 33693 

.332  <8 

60.00 

.00505 

-.00059 

S3.  j3 

-.)3ll> 

.  )3 389 

63.33 

-.33631 

.33242 

ct   C<  mpaction   -    •       :       ■      -    '■•' 


4H   n-10-69   COMPN.  creep 
CONFP.1.0000  DEVP«3.3200 
HIGHT»2.8125DI6MR»1  .3125 
TI*E  AXL.STRN  ROl  .STRN 
.02    .00205  _. 00012 
.04    .00213  —.00019 
.06    .00220  _. 00020 
.10    .00226  -.00020 
.40    .002*0  —.00022 
1.00    .00252  _.00023 
2.00    .00258  -.00023 
*.00    .00266  -.00023 
6.00    .0026B  -.00025 
10.00    .00275  _,00025 
20.00    .00281  -.00026 
40.00    .00289  -.00027 
60.00    .00294  -.00028 


*H   n-lo-69   COMPM.  CPEEP 
CONFP»1.0000  DEVP-1.9500 
HIGHT«2.8125DIAMR»1 .3125 
TIMF  AXL.STRN  RPL.STRN 
•02    .00085   -.00006 
.00090  —.00006 
.00092  —.00007 
,00095-  —.00007 
,00102  -.00007 
.00108  -.00007 
.00112   -.00007 


.04 
•  06 

.10 

.40 

1.00 

2,00 

4.00 
6.00 
10.00 
20.00 
♦  0.00 
60.00 


.00115  —.00007 

.00116  —.00008 

.00122  —.00009 

.00124  —.00009 

.00132  —.00010 

.00133  —.00010 


15G  5-14-70  COMPN.  CREEP 
CONFP-0,0000  DEV>»»1  .0300 
HIGHT«2.al25DIAM*l«l  .3125 
TIME  AXL.STRN  HuL.STRN 
.0?    .00103   -.00003 
.04    .00106   -.00003 
.Of    .00109   -.00003 
-.10    .00115   -.00003 
.40    .00120   -.00003 
1.00    .0-0125   -.00003 
2.00    .00127   -.00003 
*.00    .00132   -.00003 
6.00    .00132   -.00003 
10.00    ,00133   -.00003 
20.00    .0013*   -.00003 
40.00    .00138   -.00003 
60.00    ,00141   -.00003 


156  5-14-69  COMPN.  CREFP 
CONFP"0.000n  OEVP-4.7000 
HlGHT"2.Hl?5014MH»l .3125 
TlMt  AXL.STRN  HjL.STHN 
.02    .00*12   -.00071 
.04    .00*?7   -.0007? 
,06    .00*30   -.00073 
•  «10    .00*48   -.00079 
•40    .00*66   ••00081 
1.00    .00*98   -«00086 
2«00    .00501   "'00088 
4.00    .0051?   -.00095 
6«00    .005)9   --00096 
10*00    «005?6   -.00098 
20«00    .OO^S   -.00100 
40.00    .00565   -.00104 
60.00    .00^69   -.00107 


50  5-6-69  COMPM.  C«lt" 

rONFPsl.OOOO  OFvP«l,95n0 

HIflMT.2.81?<sni*uP.l  .  31?5 

TIMr  AXL.STRN  POL.STDN 

.0?    ,0007*.  _  ,00«1  1 

.04    .OOOBO   _,0001? 

.06    .0008?    .0001? 

.10    .00087    .  00013 

.40    .00093   _, 00013 

1.00    .00098  _, 00013 

2.00    .00099   ^.00014 

4.00    .00104   _,  00014 

6.00    .00106  _. 00014 

10.00    ,00107   _,  00014 

20.00    .00108  _,000U 

40.00    .00114  _. 00015 

60.00    .001  IS  _, 00015 


15S  5-J4-69  COMPN.  CREEP 
CONFP»O.OOOn  nEVP«1.9500 
HIGHT"2.8l25DIAM^al.3l25 
TIME  AXL.STRN  MOL.STRN 
,0?    .0016*   -.0001? 
.04    .00169   -.00012 
.06    .00173   -.00012 
.10    .0018°   -.00012 
.40    .00192   -.00012 
1.00    .00198   -.00012 
2.00    .00204   -.00012 
4,00    .00212   -.00013 
6.00    .00212   -.00013 
10.00    ,00214   -.00013 
20.00    .00220   -.00014 
40.00    .00?21   -.00015 
60.00    .00229   -.00015 


15G  5-14-69  COMPN.  CREEP 
CONFP"0«000n  UEVP*6.5300 
HIGHT-2.8l25DIAMH-l.3l25 
TIME  AXL.STRN  HjL.STRN 
,02    .00793   -.00207 
.04    .00846   -.00220 
.06    .00M5T   -.00225 
.10    .00B78   -.00233 
.40    ,00q21   -.00241 
1,00    .00935   -.00251 
2.00    .OO96O   -.00257 
4.00    .00971   -.00265 
6.00    .00985   -.00273 
10.00    ,01006   -.00281 
20,00    .01020   -.00297 
40.00    .01045   -.00310 
60,00    .01060   -.00317 


56  5-6-69  COMPN.  CREEP 
CONFPol.0000  OEVP»?.8600 
H1GMT»2.81250IAmP«1 .31?5 
TIMF  AXL.STRN  ROL.STPN 
,0?    .00156  _. 00024 
,04    .00166  _. 00027 
.06    ,00169  _. 00028 
.10    .00174  _, 00028 
.40    .00187  _. 00030 
1.00    ,00196  _.0003? 
2.00    .00203  _,0003? 
4.00    ,00?06  _. 00033 
6.00    .00210  _. 00034 
10,00    ,00?14  _. 00034 
20.00    ,00??2  _.0003« 
40.00    .00229  _. 0003O 
60.00    ,00233  _. 00041 


15G  5-14-69  COMPN.  CREEP 
CONFPaO.0000  DEV»>»2.8600 
HIGHT-Z.Bl25DIAMml.3125 
TIME  AXL.STRN  HoL.STRN 
.02    .0024'   -.00026 
,04    ,0024q   -.00028 
.06    ,00260   -.00029 
,10    .00270   -.00030 
.40    ,00?84   -.00031 
1.00    .00288   -.00032 
2,00    .00295   -.00033 
4.00    .00299   -.00033 
6,00    ,00299   -.00035 
10,00    .00302   -.00036 
20,00    .00302   -.00036 
40.00    .00331   -.00038 
60,00    ,00334   -.00039 


50  5-6-69  COMPN.  CREEP 
CONFPal.0000  DEVP-1.0300 
M1GHT=2.8125DIAMR«1.31?5 
TIMF  AXL.STRN  ROL.STPN 
.02    .00030  _,  00004 
.04    ,00034   ..00004 
.06    ,00036  _, 00004 
.10    .00036  _. 00004 
.40    .00037  _. 00004 
1.00    .00039  _,  00004 
2.00    .00041  _,  00004 
4.00    ,00042  _,  00004 
6.00    .00043  _,  00004 
10.00    .00044  _, 00004 
20.00    .00044  _,  00004 
40.00    .00047  _.  00004 
60.00    ,00049  _. 00004 


50  5-6-69  COMPN.  CREEP 
CONFPai ,0000  OFVP»4.7000 
HIGHT=2.81250IAMR»1.31?5 
-  TIMF  AXL.STRN  RDL.STPN 
.02    .00501  _,0012* 
.04  ~  .00530  _,0013? 
.06    .00537  _,0013* 
.10    .00548  _. 00137 
,40    ,00569   _,  00141 
1.00    ,00583  _, 00145 
2.00    .00597  _, 00149 
4.00    .00604  _,  00150 
6.00    .00612  _,0015? 
10.00    ,00626  _.0015«. 
20.00    .00640  _. 00161 
40.00    ,00647  _,0016«: 
60.00    .00658  _. 00170 


pact  Compact Ic  ,  -  Und 

and  i   nt . 


50  5-6-69  COMPN.  CREEP 
CONFP.1,0000  OEVP»6.53nO 
HI0HT«2iil250I»MR.1.31?5 
TIMF  AXL.STRN  RDl.STON 
.08    .00935  _. 00309 
.0*    .00974  _.003l« 
.06    .009*58  _,0032? 
.10    .01006  _. 00328 
.*0    .01063  _. 00354 
1.00    ,01106  _. 00360 
2.00    .01138  _. 00370 
*.06    .01173  _.003B3 
6.00    .01195  -.0039? 
10.00    .01227  _. 00*08 
20.00    .01273  _.00*3* 
♦  0.00    .01316  _. 00*50 
60,00    .01351  -.00470 


pact   C    .  ,     • 

Fir  lin 


e   - 


7r,    s-m 

,hO      f'l'U' 

■  i .    rui  t  o 

7fi    s-to 

.»>-)    mMPN,    ruff3 

CONKPrl) 

.u'oii    'ir 

UPsh.'j  ci' 

CONf  P=0 

.0    Od    rtF«Ps1  .'jsoo 

HIOHTs? 

.  «'  >>m-it  ^ 

•("=1  .3]  2«i 

HIGHT=? 

.HI  PSOl  tMRsl  .  »12e« 

TIME 

*<l    .STHM 

»m  .mum 

TtMt 

4X1    .ST"( 

uni   ,ST«'I 

.02 

.  -u7 IS 

-,O0<  '41 

.»? 

,nui73 

-.00^1" 

,04 

,00/41 

-.00244 

•  r4 

,r01Hl 

-.0001 1 

,0ft 

.'"07S7 

-."orss 

,0ft 

,rnm^ 

-.00011 

.in 

,rfl7  Tt 

-.00260 

.  11 

.."01-11 

-.00012 

.an 

,  o  o  h  1  n 

-. jJ?7  r 

."0 

.00^  1* 

-  .  0  0 0  1  1 

1  .en 

.rons'i 

-.0  0  >HQ 

1.00 

,r.0?13 

-.00013 

2.(10 

,riiH';'i 

-. 00297 

2.00 

.  "0?P? 

-."ion 

4.10 

.  tohms 

-.00313 

4.10 

,rii?^q 

-.00014 

ft. 00 

.  "IHI^ 

-.CO  l?? 

ft. no 

,00233 

-.0001   i 

1  0  .  (i  0 

. ;  n  j  ?  4 

-.003 ^ 

10.00 

,"0?41 

-  .  0  0  C 1  ft 

20. "0 

.-■(194? 

-.003ft? 

?  0 .  (  fi 

.  f!  0?4Q 

-. 0001*1 

4  (1  .  f  0 

,0  0474 

-  ,  0  6  3  H  4 

40.10 

,0.)?^? 

-.01    117 

ftU.l'O 

,  r  (V)t)Q 

-,003fl« 

ftO.OO 

."OP^H 

- .  p  o  o  l  n 

5. 


S1  atic 


.n  -  10.'       .  cm.  - 
from  Pootin  '      -  • 


r,\    12-22-70   compn.  C*EEP 
CoNFP  =  n.nnnu  n£VP»  .'JiOO 

HIRhT-?.  H^,;>IM)T  flMH=  1  .("ISO 
T,Mf     AM   .STHN    PPL  .SKIN 

.0?        .nfliw    _.nonul 

.04  ,ool55     _.000  II 


.(14 

.  n6 

.  in 

.40 

1  .00 
2.00 

*. no 
6.'oo 

10.00 
20.00 
40.00 
60.00 


,nnl55 

.  oo 1 5« 

, OOlbO 

. no  I 6h 
.ool  75 
. on  1  78 

.00181 
.  no  18b 
.00141 
,00l4b 
.  (1 0  2  0  4 
.00212 


_.000  M 
—  .000  il 
_,OOOQl 
_  .  0  0  0  'J  1 

_.non  1 1 
_.ooool 

-.OOO'll 

_.000  '1 

_.ooooi 
_.ooooi 

_  .OOOUl 
_. 000:1 


Gl     12-72-70      COMPN.    CXEEP 

CONFP»0.000<)     IIF  VPr1."t250 

TjMt     AXl.STWN    PI>1  tSHJN 

.00494  — . 000^4 

.onsj<;  _.r'>0->7 

,01552  _.P00«"* 

.oo^bh  _.roo'h 

.00598  _.000'«* 

.to604  _.ooo42 

.OObJO  _.coo<* 

,O0bJ7  _.001«0 

.  n.  0  b  4  4  —  .  0  0  1  0  1 

,on665  —.0010? 

.nnbTj  _.roiio 

.O0b47  _.00117 

.no 'oh  _.(i(>|23 


.0? 

•  n4 
.Oft 

.1  n 

.40 

l  .no 

2.00 
4.00 
6.00 

lo.oo 

20.00 
40.00 

*o.nn 


05  12-29-70  CO"PN.  COFFP 
CONFP.1,5000  0rvP*2.8t50 
HTG"T»?.813nr>TAwR=1.3260 
T1«E     »*l ..5TRN    R-)L.STQN 


.0? 

.00184 

-.00U09 

.04 

,001«T 

-.00010 

.06 

.00196 

-•00011 

.10 

.00201 

-.00011 

.40 

.0021? 

-.00011 

1.00 

.00216 

-.03011 

2.00 

.00222 

-.00011 

4.00 

.00228 

-.00011 

6.00 

.00211 

-.00011 

io.no 

.00216 

-.0001  1 

20.no 

.00243 

-.00011 

40.00 

.00252 

-.00011 

60.00 

.00258 

-.00011 

01  1p.72.7n   roMPN.  C^EEP 
CONFP»0,0uO0  DEVPs 1.^120 

H!0HT  =  2.8;>5(>l)IAMp=1.2«50 

TIME  AXL.STRN  PDL.5IHM 

.02    .00234  _.000'I4 

.04    .oo2»H  _. 00004 

.06    .00250  _. 00004 

.10    .00257  —.00005 

.40     .00265   _. 00006 

1.00     .00275   _  ,  0  0  0  0  7 

2.00    .00283  —  .00007 

4.00     .00290   —.000)7 

6.00     .00292   -.00008 

10.00     .00301   -.00009 

20.00    .onJlo   —.OPOH 

♦0.00    .00319  —.00011 

60.00     .00324   -.00011 


Gl  12-22-70   COMPN.  CHEEP 
CONFPiO.OOOO  OEVP=2.Hb50 
HIGHT»2.8250ni&MR=l  ,2M50 
TIME  AXL.StPN  PHI  .SIHN 
.02    .00384   _, 000*5 
.04     .00411   -.000*7 
.06    .00421   —  .000*4 
.10     ,004?4   —  .00051 
.40     .00457   —.00055 

l.on   ,on464  _  .ooo  '6 

2. On  .00478  _.000~>4 

4.00  .00488  _.000b2 

6,00  .0044b  —.000b5 

10.00  .00449  — ,000b6 

20.00  .oob2o  _.P00b9 

40.00  .00531  —.000'* 

60.00  .00552  —.00076 


G5  12-29-70  COMPN.  CREFP 
CONFP=1,5000  OFVP=1.0440 
HIQHT«2. 813001 amR=1 .3260 
TIME  »Xt .STRN  PDL.STRN 
.02    ,n0043   - . 0  0  U  0  4 
.04     .00044   -.00004 
.06    .00044   -.00005 
,10    .00044   -.00005 
,40    .00046   -.00005 
1.00    .00050   -.00005 
2.00    .00051   -.00005 
4.00    .00052   -.00005 
6.00    .00053   -.00005 
10.00    .00053   -.00005 
20.00     .00054   -.00006 
40.00     .00058   -.00006 
60.00    .00061   -.00006 


05  12-29-70  COMPN.  CREEP 
CONFP.1,5000  0EVP=1.V450 
H I GHT .2.81300  I  AMR. 1.3260 
TIME  AXL.STRN  PDL.STRN 
.02    .00105   -.00012  ' 
.04    .00107   -.00013 
.06    .00110   -.00013 
.10    .00112   -.00013 
.40    .00116   -.00014 
1.00    .00118   -.00014 
2.00    .00124   -.00014 
♦.00    .00127   -.00014 
6.00    .00130   -.00015 
10.00    .00133   -.00015 
20,00    ,00137   -.00015 
40.00    .00143   -.00016 
60.00    ,00149   -.00016 


Gl   12-22-70   RECOvFwr 

HI6HT>0(0OO0  0Evp=  .9b00 

Hi GHT«2. 81250 IA"K=1. 3125 

TIME  AXL.STRN  wt'L.STPN 

1.00    .00080   0.00000 

2.00    .00071   0. 00000 

4.00     .00065   0.00000 

6.00    .00062   0.00000 

8.00    .00059   0.00000 

10.00    .00054   O.CO000 

20.00    .00050   0.00000 

30.00    .00044   0.00000 


Gl   12-22-70   RECOVER* 

H1GHT=0.0000  DEVP*1.9120 

HIGHW.8125DI&MR*]  .3125 

TIME  AXL.STRN  PDL.STRN 

1.00    .00101   0.00000 

2.00    .00090   0.00000 

4.00     .00079   0.00000 

6.00    .00072   0.00000 

8.00    .00070   0.00000 

10.00    .00066   0.00000 

20.00    .00054   0.00000 

30.00    .00053   0.00000 


Gl   l?-22-70   RECOVERY 
HIGHT*0.0000  DEVP=?.8650 
HIGHT«2.8125DIAMR«i ,3l?5 
TIME  AXL.STRN  PDL.STRN 

1.00    .00178  —.00029 

2.00    .001 74 

♦•00    .00171 

6.00    .00164 

8«00  .00149 
10.00  .00146 
20.00  .001*2 
30.00    .00135 


—  .00029 

—  .00029 
-.00029 

—  .00029 
_  .00029 
-.00029 
-.00029 


1 


,  i  action  -  10.  i>;   ^     ■    •  - 
fr    ,  -      Lite,  cont. 


Gl       12-22-70      RECOVERY 
HIGHT«0.0000    DEVHO.B250 
HIGHT»2.B1?5DIAMR«1.3125 
TIME    AXL.STRN    RDL.STHN 

1.00    .001BB  —  .00056 

2.00    .00171 

*.00    .001*6 

6.00    .001*2 

8.00  .00135 
10.00  .00121 
20.00  .00110 
30.00    .00107 


-.00055 

2.00 

—.00055 

*.00 

-.00055 

6.00 

-.00055 

B.00 

-.0005* 

10.00 

-.00053 

20.00 

-.00053 

30.00 

G5   12-29-70  RFCOVFRY 
CONFP»1.5000  DFVP=1.0**0 
H I  GMT  »  2. 81  3l>niAMH«1.32fcO 
TIME  AXL.STRN  RpL.STRN 
1.00    .00009   -.001/01 
.0O0OR   -.00001 
.00008   -.00001 
,00007   -.00000 
.nOOOS   -.C00C0 
.00005   -.00C0P 
,n0OO3   -.0000" 

.noooi  -o.ooooo 


G5   12-29-70  RFCOVFHY 

CONFP.l.bOOO  r»FVP»1.9*50 

HIGHT«2.8l30nTAMR«1.32^0 

TIME  AXt .STRN  ROL.STRN 

1.00    .00052   -.001/03 

2.00    .000*7   -.00003 

*,00    .000**   -.00003 

6,00    .000*2   -.00003 

8.00    .00037   -.00003 

10.00    .00036   -.00003 

20.00    .00035   -.00003 

30.00    .00029   -.00003 


65   12-29-70  RFCOVERY 
CONFP«1,5000  nFVP=2.8*50 
HlGHT«2,8130niAuR=1.3260 
TIME  AXl.STRN  RDl.STRN 
1.00     .0007R   -.00005 
2,00    .000.71   -.0000* 
*.00    .0006*   -.0000* 
6.O0    .00062   -.0000* 
B.00    .00059   -.0000* 
10.00    .00055   -.0000* 
20.00    .00051   -.00003 
30.00    .000*6,  -.00003 


VITA 


VITA 
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